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ABSTRACT 


Murpny, Rosert W. Paleobiogeography and genetic differentiation of the Baja California herpetofauna. Occasional 
Papers of the California Academy of Sciences, No. 137, 48 pages, 21 figures, 11 tables, 1983.—The evolutionary 
relationships of the amphibians and reptiles of southwestern North America are examined, using a synthesis of plate 
tectonics, paleogeography, and paleoecology. There is a very strong correlation between the nonbiological and the 
biological factors. 

The following zoogeographic scenario is congruent with both factors. During the Miocene, about 13 million years 
before present (MY BP), the Cape area of Baja California broke away from mainland Mexico near the state of Colima, 
Mexico. Plate movements yielded isolated subpopulations, one on the Cape area (or associated islands) and the other 
remaining on the mainland. This subdivision is termed transgulfian vicariance. The islands that formed the Cape 
area of Baja California are postulated to be the center of origin for a number of western North America’s reptilian 
groups such as the side-blotched lizards, the chuckwallas, and the desert iguanas. Near the close of the Miocene, the 
Cape area became attached to what is now the more northerly regions of the Baja California peninsula, allowing the 
northward dispersal of a number of reptile populations. By the beginning of the Pliocene, this terrestrial connection 
was broken yielding the formation of sister species on the Peninsular Ranges via allopatric speciation. The San 
Gorgonio Barrier was formed at the head of the Gulf of California around the early Pliocene approximately 4 MY BP, 
and is considered responsible for the formation of sister species on either side of the Gulf of California. It was 
eliminated by or during the Pleistocene, as the Gulf of California receded to its present location. Pleistocene glacial 
events had a minimal effect on the peninsular distributions of most reptiles; their major effect was in the forming 
and drowning of shallow-water islands in the Gulf. Pliocene—Pleistocene plate movements are responsible for the 
origin of the reptile populations on most deep-water islands. 

This hypothesis for the origin and evolution of the herpetofauna of Baja California is supported by comparing 
patterns of genetic differentiation of the Baja California herpetofauna. Species of reptiles more or less restricted to 
the Cape area of Baja California have equivalent genetic differentiation from their presumed sister species on the 
mainland of Mexico. Similar genetic differentiation was found between sister species distributed north and south 
on the Peninsular Ranges, on the east and west sides of the Gulf of California, and on both deep- and shallow-water 
islands. Geological dating places the origin of the Cape area at about 13 MYBP. Transgulfian sister species are 
differentiated by a Genetic Distance (D) of about 0.8. Assuming that a D of 1 equals about 16 MY of divergence, 
the Biochemical Evolutionary Clock hypothesis predicts that the terrestrial connection between the Cape area and 
the more northerly Peninsular Ranges occurred more than 6 MYBP; these data are concordant with the geological 
predictions. 

Similarly, the San Gorgonio Barrier is considered to have been formed about 3 MYBP and Isla Santa Catalina 
about 2 MYBP. No significant genetic differentiation was detected between species on the peninsula and those on 
shallow-water islands; these findings are also concordant with the clock hypothesis. Thus, the patterns of genetic 
differentiation appear to support my paleobiogeographic scenario, and the peninsula and islands of Baja California 
must be considered an evolutionary center rather than a refugium harboring a relict herepetofauna. 


Paleobiogeography and Genetic Differentiation of the 


Baja California Herpetofauna 


Robert W. Murphy* 


INTRODUCTION 


The Baja California peninsula and associated 
islands, extending 1300 km north to south, is an 
attractive area for the study of zoogeography, 
providing the opportunity to study aspects of 
both clinal and stepwise variation, possible at- 
tenuation of a linear gradient, and apparent 
“tracks” of distribution. Understandably, the 
peninsula has attracted much attention, and ma- 
jor papers by Nelson (1921), Schmidt (1922, 
1943), and Savage (1960) have provided dis- 
persal scenarios for the herpetogeography. The 
islands are of great interest as well, affording op- 
portunities to examine the evolutionary conse- 
quences of isolation and to test biogeographic 
theories (MacArthur and Wilson 1963, 1967; 
Soulé and Sloan 1966; Case 1975; Wilcox 1978, 
1980; Murphy 1982, 1983). Because recent geo- 
logic studies of the region indicate that the Baja 
California peninsula and associated islands have 
experienced significant plate activity, they pro- 
vide a rare opportunity to examine the biological 
consequences of recent effects of continental drift. 
My study of the relationships of an insular pop- 
ulation of the fossorial western blind snake, Lep- 
totyphlops humilis, resulted in brief presentation 
of a generalized “‘transgulfian migration” theory 
(Murphy 1975), hereafter more properly termed 
transgulfian vicariance. 

This paper contains a plate tectonic-based 
scenario to explain the evolution of the amphib- 
ians and reptiles of Baja California and, to a 
lesser extent, southern California. It must be em- 
phasized that the paleobiogeographic scenario 
presented in this study is an attempt to form a 
set of testable working hypotheses on the bio- 
logical consequences of continental drift. As hy- 
potheses, they should be tested and, if found 
inadequate in explaining the evolutionary rela- 
tionships of the Baja California amphibians and 
reptiles, should be modified or rejected. Refine- 
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ments will certainly be required as further in- 
vestigations are made into the phylogenetic re- 
lationships and biogeography of extant 
amphibians and reptiles. 

This study is organized into four major sec- 
tions. In the first, the composition, faunal areas, 
and tracks of distribution of the herpetofauna 
are described. In the second section, previous 
theories explaining the tracks of distribution are 
reviewed in detail to facilitate comparison of the 
various proposals. In the third section I propose 
a new scenario for the evolution of the Baja Cal- 
ifornia herpetofauna, based upon correlation of 
geologic events, paleoecological history, and 
tracks of distribution. Finally, the fourth section 
is a summary of the genetic data, which are used 
to corroborate various aspects of the scenario 
formed independent of them. 
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DEFINITIONS AND ABBREVIATIONS 


The term “old” refers to those islands sepa- 
rated from another faunal source by an ocean 
depth of greater than 130 m (Fig. 1) and which 
are thought to have been formed more than | 
MYBP (million years before present); eustati- 
cally lowered sea level, the result of water bound 
in glaciers during the Pleistocene, would not have 
produced island—mainland terrestrial connec- 
tions for these islands. The following islands are 
considered to be old: Angel de la Guarda, Partida 
Norte, Salsipuedes, San Lorenzo Norte and Sur, 
San Pedro Martir, San Esteban, San Pedro No- 
lasco, Monserrate, Santa Catalina (=Santa Ca- 
talan), San Diego, Santa Cruz, and Cerralvo. 

The term “‘land-bridge”’ refers to those islands 
which would have had a land connection with 
the peninsula, or another larger island, during 
pleniglacial times up to 6000 YBP (years before 
present). These include El Muerto, Mejia, Smith, 
San Marcos, Santa Inés, San Ildefonso, Coro- 
nados, Carmen, Danzante, San José, San Fran- 
cisco, Espiritu Santo, Partida Sur, Ballena, Ti- 
bur6n, and Turners (=Lobos). Additional very 
small islands and satellite islands in the Gulf are 
listed in Murphy and Ottley (in press) along with 
their respective herpetofaunas. The herpetofau- 
nas of the Pacific Coast islands are summarized 
by Wilcox (1980). 

The term “oceanic” refers to islands of vol- 
canic origin which presumably have never had 
a connection to the peninsula. The oceanic 1is- 
lands in the Gulf of California include Tortuga 
and Rasa (=Raza). 


THE HERPETOFAUNA 
Composition 


The native herpetofauna of Baja California, 
exclusive of sea snakes, marine turtles, and strict- 
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ly insular species, 1s composed of 96 species of 
amphibians and reptiles, representing 50 gen- 
era distributed among 18 families (Table 1). The 
inclusion of insular populations would raise the 
number of species considerably. Excluding Isla 
Tibur6én, which has its affinities with Sonora, 
Mexico, the total number of species would be 
about 130. Even with this increase, only a single 
genus would be added to the herpetofauna, the 
lizard genus Sator (Murphy and Ottley, in press). 
In defining the constituent peninsular herpeto- 
fauna of Baja California, it must be noted that 
many of the species on the peninsula (Table 2) 
are only marginally present. Woodhouse’s toad 
(Bufo woodhousei), the Colorado River toad (B. 
alvarius), leopard frog (Rana “‘pipiens’’), bullfrog 
(R. catesbeiana), spiny softshell turtle (7rionyx 
spiniferus), tree lizard (Urosaurus ornatus), and 
checkered garter snake (7hamnophis marcianus) 
occur in Baja California only in association with 
the Colorado River and/or its delta. Species found 
only at high elevations in the Sierra Juarez and/ 
or the Sierra San Pedro Martir may also be con- 
sidered marginal. These include the yellow-legged 
frog (Rana boylii), sagebrush lizard (Sceloporus 
graciosus), Gilbert’s skink (Eumeces gilberti), 
ringneck snake (Diadophis punctatus), California 
mountain kingsnake (Lampropeltis zonata), and 
western terrestrial garter snake (Thamnophis ele- 
gans). Although not restricted to mesic habitats, 
the western diamondback rattlesnake (Crotalus 
atrox) is found in Baja California only in the 
extreme northeastern corner of the peninsula. 
Accordingly, 14 of the 96 native species in Baja 
California may be considered marginal in dis- 
tribution. Finally, two species of frogs—the 
clawed frog (Xenopus laevis) and bullfrog—and 
one snake, the Asian blind snake (Ramphotyph- 
lops braminus), are known to be introduced (Funk 
and Croulet 1976; T. Fritts, U.S. Fish and Wild- 
life Service, personal communication, 1980; and 
Murphy and Ottley 1979, respectively). The slid- 
er turtle (Chrysemys scripta) and the spinytail 
iguana (Cfenosaura hemilopha) were probably 
introduced as a source of fresh meat by natives, 
as later discussed. Thus, 101 species occur on the 
Baja California peninsula (Table 2). 

An understanding of the geographic distribu- 
tion of taxa is paramount to sound biogeograph- 
ical analysis and interpretation. This, 1n turn, 1s 
directly dependent upon accurate mapping. As 
detailed distribution maps are not available for 
most of the various species of amphibians and 
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Islands in the Gulf of California and herpetofaunal areas and zones referred to in this report. Herpetofaunal areas 


are denoted as: CA, Californian; CD, Colorado Desert; VN, Vizcaino Desert north; CV, Coastal Vizcaino Desert; PN, Peninsular 
area; and CP, Cape. The three herpetofaunal zones of the Peninsular area are abbreviated as: VS, Vizcaino Desert south; SN, 
San Lucan north; and MP, Magdalena Plains. The solid line on the map encloses major herpetofaunal areas, and the dotted 


lines separate the herpetofaunal zones of the PN. 


reptiles on the Baja California peninsula and can- 
not as yet be constructed because of the absence 
of collections from various peninsular localities, 
I have used an alternative method here. The ma- 
jor “tracks” of distribution pattern are defined 
by dividing the peninsula into major regions and 
quantitatively comparing interrelationships 
among these herpetofaunal “zones.” Phyloge- 
netic relationships of the herpetofaunal elements 
are then superimposed on these tracks of distri- 
bution to suggest hypotheses explaining the evo- 
lutionary relationships of the herpetofauna of Baja 
California. 


TABLE 1. TAXONOMIC COMPOSITION OF THE HERPETOFAUNA 
oF BAJA CALIFORNIA PENINSULA (exclusive of introduced or 
probably introduced species). 


Group Families Genera Species 
Salamanders ] 3 3 
Frogs and toads 4 4 13 
Turtles 2 2 2 
Amphisbaenians l l l 
Lizards 6 19 43 
Snakes aCe ez 34 

Totals 18 50 96 
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TasLe 2. DistrRiBuTION BY FAUNAL ZONE OF THE PEN- 
INSULAR HERPETOFAUNA OF BAJA CALIFORNIA. Faunal zones: 
CA, Californian; CD, Colorado Desert; VN, Vizcaino Desert 
north; CV, Coastal Vicaino Desert; VS, Vizcaino Desert south: 
MP, Magdalena Plains; SN, San Lucan north; CP, Cape. Species 
occurrences: C, endemic to a single zone of Baja California but 
found elsewhere; E, endemic to a single zone of the peninsula: 
R, restricted to Baja California (including the Peninsular Ranges 
of southern California) but occurring in multiple zones: X, 
present in multiple Baja California zones and elsewhere. 


ee ee ee eee ee 
Salamanders 


Aneides lugbris (C) CA 
Batrachoseps pacificus (C) CA 
Ensatina eschscholtzi (C) CA 
Frogs and toads 
Xenopus laevis! (C) CA 
Scaphiopus couchi (X) CV, VS, MP, SN, CP 
Scaphiopus hammondi (C) CA 
Bufo alvarius (C) CD 
B. boreas (X) CA, VN 
B. cognatus (C) CD 
B. microscaphus (C) CA 
B. punctatus (X) CA, CD, VN, CV, VS, 
MP, SN, CP 
B. woodhousei (C) CD 
Hyla cadaverina (X) CA, VN, CV 
H. regilla (X) CA, VN, VS, MP, SN, 
GP 
R. aurora (C) CA 
R. boylii (C) CA 
R. catesbeiana' (X) CA, CD, VS, MP, CP 
R. “pipiens”? (C) CD 
Turtles 
Chrysemys scripta' (X) VS, MP, SN, CP 
Clemmys marmorata (C) CA 
Trionyx spiniferus (C) CD S 
Amphisbaenians 
Bipes biporus (R) VS, MP, CP 


Lizards 


Anarbylus switaki (R) 
Coleonyx variegatus (X) 


CD, CV, VS, SN 
CANECDAVINEGVanVS: 


MP, SN, CP 

Phyllodactylus nocticolus (R) CD, VN, CV, VS, MP, 
SN 

P. unctus (E) CP 

P. xanti (E) CP 

Xantusia henshawi (R) CA, CD 

X. vigilis (X) CD, VN, CV, VS, MP, 
SN, CP 

Callisaurus draconoides (X) CD, VN, CV, VS, MP, 
SN, CP 

Crotaphytus insularis (X) CA,.CD, VN, CV, VS, 
MP, SN 

Ctenosaura hemilopha' (X) SNGP 

Dipsosaurus dorsalis (X) CD, CV, VS, MP, SN, 
(OP 

Gambelia wislizenii (X) GCASICGD I VINAGVAWS: 
MP, SN, CP 

Petrosaurus mearnsi (R) CDAVINEIG@Y; 
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P. thalassinus (R) 
Phrynosoma coronatum (X) 


P. mealli (C) 
P. platyrhinos (X) 
S. obesus (X) 


Sceloporus graciosus (C) 
S. hunsakeri (E) 

S. licki (E) 

S. magister (C) 

S. monserratensis (R) 

S. occidentalis (C) 

S. orcutti (R) 


S. rufidorsum (R) 

S. zosteromus (E) 

Uma notata (C) 
Urosaurus graciosus (C) 
U. lahtelai (E) 

U. microscutatus (R) 


U. nigricaudus (R) 
U. ornatus (C) 
Uta stansburiana (X) 


Eumeces gilberti (C) 

E. lagunensis (R) 

E. skiltonianus (C) 
Cnemidophorus hyperythrus (R) 


C. labialis (R) 
C. tigris (X) 


Gerrhonotus multicarinatus (X) 
G. paucicarinatus (E) 

Anniella geronimensis (E) 

A, pulchra (X) 


Snakes 


Leptotyphlops humilis (X) 


Ramphotyphlops braminus' (X) 
Lichanura trivirgata (X) 


Arizona elegans (X) 
Chilomeniscus cinctus (X) 
C. stramineus (R) 
Chionactis occipitalis (C) 
Diadophis punctatus (C) 
Elaphe rosaliae (R) 
Eridiphas slevini (R) 
Hypsiglena torquata (X) 
Lampropeltis getulus (X) 


L. zonata (C) 


VN, CV, VS, MP, SN, 
CP 

CA, VN, CV, VS, MP, 
SN, CP 

CD 

CD, CV 

CD, VN, CV, VS, MP, 
SN, CP 

CA 

@P 

@P 

CD 
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SN 
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TABLE 2. CONTINUED. 


Masticophis aurigulus (E) 
M. flagellum (X) 


Cr 


CAN GDAVING CVEVS: 


MP, SN, CP 
M. lateralis (X) CA, MP, SN 
Nerodia valida (E) GE 


Phyllorhynchus decurtatus (X) 


CP 
Pituophis melanoleucus (X) CA, CD, VN, CV, VS, 
MP, SN, CP 
Rhinocheilus lecontei (X) CA, CD, VN 


Salvadora hexalepis (X) 


CD, CV, VS, MP, SN, 


CA, CD, VN, CV, VS, 


MP, SN, CP 
Sonora bancroftae (E) CA 
S. mosaueri (R) MP, SN, CP 


S. semiannulata (X) 
Tantilla planiceps (X) 


T. couchi (X) CA, VN, VS, MP, SN, 
CR 

T. elegans (C) CA 

T. marcianus (X) CD 


Trimorphodon biscutatus (X) 


ECDSVINGVAVS ASN 
CD, VN, MP, CP 


CA, CD, VN, CV, VS, 


MP, SN, CP 

Crotalus atrox (C) CD 

C. cerastes (C) CD 

C. enyo (R) CA, VN, CV, VS, MP, 
SN, CP 

C. mitchellti (X) CA, CD, VN, CV, VS, 
MP, SN, CP 

C. ruber (R) CANCDSVINSGVAVS: 
MP, SN, CP 

C. viridis (X) CA, VN, CV, VS 


' Known to be, or probably, introduced into Baja California 
by man. 

> Thought to be extinct because of the introduction of Rana 
catesbeiana (Vitt and Ohmart 1978). It is unknown if the orig- 
inal population of leopard frogs was Rana pipiens or R. ber- 
landieri. 


There are several nomenclatorial and phylo- 
genetic problems associated with the herpeto- 
fauna of the Baja California peninsula. Most of 
these are detailed in the following sections, but 
one needs to be clarified here. Drewes and Lev- 
iton (1978), noting the recent discovery of the 
fourth known specimen of the Cape area endemic 
kingsnake (Lampropeltis nitida), pointed out that 
the validity of this taxon is questionable. I have 
thus chosen not to include it in Table 2. 

As with the peninsular herpetofauna, numer- 
ous nomenclatorial problems exist with the in- 
sular herpetofauna, especially when the princi- 
ples of holophyly (Hennig 1966; Farris 1979) are 
applied to the alpha taxonomy. These unre- 
solved problems have been detailed elsewhere 
(Murphy 1982). However, it is assumed that they 


will not alter the following discussions and in- 
terpretations. 


Herpetofaunal Areas 


Savage (1960) divided Baja California into four 
distinctive herpetofaunal areas. His Californian 
area included the western slopes of the Sierra 
Juarez and Sierra San Pedro Martir north from 
El Rosario. The Colorado Desert area consisted 
of the eastern slopes of the Peninsular Ranges to 
the Gulf of California as far south as Bahia de 
los Angeles. He defined the San Lucan area as 
including the southern Peninsular Ranges from 
Santa Rosalia south to the tip of the peninsula, 
excluding the Magdalena Plains which, with the 
Vizcaino Peninsula and Vizcaino Desert from El 
Rosario south, were termed the Peninsular Des- 
ert area. Savage’s herpetofaunal areas are strong- 
ly correlated with phytogeographic regions (Fig. 
2). Bostic (1971) considered Savage’s northern 
Peninsular Desert area from roughly the 28th 
parallel north to El Rosario, including the west- 
ern slopes of the northern Peninsular Ranges, a 
separate herpetofaunal area. Loomis et al. (1974) 
further subdivided the peninsula into seven areas 
based on political boundaries and floral and geo- 
logical features; the major modifications includ- 
ed separating the Cape area (that area south of 
the Isthmus of La Paz) from Savage’s San Lucan 
area, and the Vizcaino Peninsula from the Mag- 
dalena Plains. For the present study I have used 
these subdivisions with one modification. I con- 
sider the Colorado Desert herpetofaunal area to 
consist of two separate zones: the northern zone 
extends from southern California and Sonora, 
Mexico, south to the region of San Felipe and 
includes the eastern slopes of the northern Pen- 
insular Ranges; the southern area extends south 
from San Felipe to Bahia de los Angeles. Near 
San Felipe there is an abrupt transition from the 
sand dunes of the Sonoran Desert to steep, rocky 
hills and mountains. The northern area is still 
called the Colorado Desert, but the southern por- 
tion is referred to here as the Coastal Vizcaino 
Desert (Fig. 1). 

The biological reality of these eight herpeto- 
faunal zones is not easily tested at present; dis- 
tributions of the various amphibians and reptiles 
have not been sufficiently studied in relatively 
inaccessible regions. Most notable is the pau- 
city of herpetological collections from the Viz- 
caino Peninsula, where only a handful of species 
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have been recorded, and from the San Lucan 
zone, where collections are just now being made. 
Predictions about species occurrences in these 
regions can be made, however. In general, I have 
considered any species marginally occurring in a 
poorly known herpetofaunal area to be present 
in that area as long as suitable habitat is found. 

Because detailed distributional data were not 
available, I analyzed the relationships of the eight 
herpetofaunal zones by using Faunal Resem- 
blance Factor (FRF) coefficients (terminology 
following Duellman 1965). Numerical ap- 
proaches to biogeographic problems clarify the 
main pattern of distribution. Simpson (1960) and 
Cheetham and Hazel (1969) reviewed the var- 
ious FRF’s, elucidating their assumptions, lim- 
itations, and use. Cheetham and Hazel (1969) 


General distribution of the vegetation of Baja California and adjacent islands (adapted from Axelrod 1979). 


noted serious limitations to the use of most bi- 
nary coefficients, which have been developed in- 
tuitively and tested empirically and are not, 
strictly speaking, statistical procedures. 

The FRF’s express the faunal relationship of 
two geographic units by expressing the relation- 
ship of the number of taxa in common to the 
total number. However, there are some 20 pos- 
sible formulas for such comparisons, the results 
of which vary considerably, especially when the 
number of taxa occurring in one locality is more 
than twice that of the other (Cheetham and Hazel 
1969). For the current study I have compared 
two diametrically opposed formulas: the Simp- 
son FRF (SFRF) and the Braun-Blanquet FRF 
(BFRF) (referred to by Peters [1968] as the Jac- 
card Coefficient). 
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The SFRF selects the number of taxa in the 
smaller of the two faunas (N,) for comparison 
with the number of taxa in common (C), and 
gives strong emphasis to the similarities: 


SFRF = (C/N,)100 


In contrast, the BFRF selects the larger sample 
(N,) for comparison and thus emphasizes differ- 
ences: 


BFRF = (C/N,)100 


With either FRF, a value of zero indicates that 
no taxa are shared; when all are shared, the FRF 
is 100. Other coefficients yield intermediate val- 
ues of similarity. 

Because the FRF’s are binary (presence—ab- 
sence) Q-mode bioassociational units, they may 
be affected by additions and/or deletions within 
the data set such as shifts in taxonomic level or 
new locality information. The taxonomic level 
used in this study is that of the species. Simpson 
(1960) noted that the proper taxonomic level 
would yield an array of coefficients ranging be- 
tween 0 and 100 without notable clustering. FRF’s 
calculated on operational taxonomic units 
(OTU’s), or herpetofaunal zones, do not satisfy 
this criterion unless insular populations are in- 
cluded in the analysis. Excluding the islands, the 
data yield FRF’s ranging from about 40% to over 
90%: this range of values is adequate for the 
following interpretations. As previously noted, 
no assumption is made that the herpetofaunal 
records are complete. However, it 1s assumed 
that the faunas are well enough known to allow 
for sound interpretation of the relationships of 
the eight herpetofaunal zones. 

The SFRF is used in this study as an indication 
of historical affinities, or evolutionary relation- 
ships. This bioassociational measurement com- 
pares the smaller of the two faunas, minimizing 
the effects of sampling error and faunas of un- 
equal size, and thereby emphasizing similarities. 

The BFRF is used in conjunction with the 
SFRF to test for ecological effects resulting in 
faunas of unequal size. Discrepancies between 
the bioassociational measurements indicate un- 
equal faunal size. When a high discrepancy 1s 
encountered and provision made for sampling 
error, an examination into the possible reasons 
for the discrepancy is possible. 

Using the larger of the two species pools as a 
base of comparison, the BFRF accounts for a 
number of variables not considered by the SFRF. 


Tas_e 3. Matrix oF Simpson (above diagonal) aNnp 
BRAUN-BLANQUET (below diagonal) FAUNAL RESEMBLANCE 
Factors (FRF’s). The number of species found in each her- 
petological zone is given in the diagonal as underscored values. 
Abbreviations for the herpetofaunal areas are as in Figure 1. 


CAR ECD VINI AGV YS IMPs Nar 


CAS 58 47 Fl 66 64 Sf 60 47 
CD 45 Sill 70 78 69 64 67 51 
VIN 62 59 43 85 81 12 74 65 
Gy; 51 63 81 41 88 78 80 71 
VS 51 57 79 86 42 88 90 76 
MP 47 25) 70 73 84 44 90 86 
SN 47 55 72 79 90 86 42 81 
CP 43 49 57 59 65 78 69 49 


For instance, if two herpetofaunal zones differ 
in number of inclusive species because one offers 
a greater variety of habitats, the BFRF yields a 
lower similarity value than the SFRF. The 96 
species of amphibians and reptiles native to the 
Baja California peninsula (Table 2), including the 
marginally occurring populations, were used to 
calculate the two FRF’s among the eight herpe- 
tofaunal zones; the resultant data matrices are 
given in Table 3. 

To interpret the relationship of the herpeto- 
faunal zones to each other, I clustered the FRF’s, 
forming phenograms using the unweighted pair- 
group method with arithmetic averages 
(UPGMA) (Sneath and Sokal 1973). The 
UPGMA is an agglomerative hierarchical clus- 
tering technique which combines OTU’s or 
groups of OTU’s on the basis of some criterion 
of similarity. This method of clustering intro- 
duces the least amount of distortion (Rohlf 1970) 
as measured by the coefficient of cophenetic cor- 
relation (Sneath and Sokal 1973). Such coeffi- 
cients generally range between 0.60 and 0.95; 
higher values indicate less distortion. 

Because FRF’s are not exact statistical pro- 
cedures, the level of significance is difficult to 
ascertain. Some previous workers have consid- 
ered an FRF of about 75% significant. The ap- 
proach used here, however, is to look at the levels 
of hierarchical clustering. 

The phenogram constructed from the cluster- 
ing of the SFRF’s (Fig. 3a) shows that the south- 
central peninsular herpetofaunal zones are more 
similar to each other in species composition than 
they are to either the northernmost or southern- 
most zones, suggesting that these zones had a 
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FiGure 3. 
Resemblance Factors of Simpson (SFRF) and Braun-Blanquet 
(BFRF) (see Table 3) calculated from distributional occur- 
rences of amphibians and reptiles on the Baja Californian pen- 
insula (Table 2). Abbreviations as in Figure |. 


similar developmental history. It can be further 
seen that these central zones are more similar to 
the Cape zone than to the two northern zones, 
indicating that there 1s a unique herpetofauna on 
the southern portion of the peninsula. If the 75% 
level is used as a cutoff to define significantly 
different herpetofaunal areas, the southern two- 
thirds of the peninsula would be considered sep- 
arate from the Colorado Desert and Californian 
zones. 

Figure 3) compares the eight herpetofaunal 
zones of the Baja California peninsula using the 
BFRF coefficient; the clustering sequence using 
the SFRF (Fig. 3a) is almost identical. The major 
difference is in the position of the Cape zone 
relative to the Vizcaino Norte and Coastal Viz- 
caino zones. In the SFRF phenogram the Cape 
is more similar to the south-central peninsular 
zones, whereas the BFRF phenogram depicts a 
closer relationship between the south-central and 
north-central zones. This discrepancy may in part 
reflect the distortion that results from the clus- 
tering technique; considerably greater distortion 
was found in the SFRF phenogram as measured 
by the cophenetic correlation coefficient (0.80 for 
the SFRF, 0.92 for the BFRF). Aside from the 
lower levels of distortion, it can be argued that 
the BFRF data matrix more realistically reflects 


the biological relationships of the herpetofaunas 
of the eight zones. Assuming that the herpeto- 
faunas are reasonably well known, differences in 
the number of species occupying an area reflect 
the diversity of available habitats and/or pen- 
insular effects. Taylor and Regal (1978) dem- 
onstrated that the number of species of hetero- 
myid rodents on the Baja California peninsula 
decreased from north to south, showing a pen- 
insular effect. They suggested that the number 
of species of reptiles also decreased southward. 
However, Seib (1980) showed that the number 
of species of reptiles in key groups actually in- 
creased. In fact, the greatest numbers of species 
of amphibians and reptiles occur at the north 
and south extremes of the peninsula (Table 3). 
By yielding lower levels of similarity, the BFRF 
calculations more accurately show that these re- 
gions offer the greatest diversity of habitats. The 
SFRF does not reflect the same biological attri- 
butes of the composite herpetofauna and reflects 
similarity only in some aspect of evolutionary 
origin. 

Because the BFRF phenogram better depicts 
biological reality and has a lower level of dis- 
tortion, it is used to define the major herpeto- 
faunal groups, or “areas,” and thus to infer gen- 
eralized tracks of distribution from which 
evolutionary hypotheses are formed. Six herpe- 
tofaunal areas may be defined for the purpose of 
analyzing the major tracks of distribution of the 
Baja California herpetofauna. The Californian, 
Colorado Desert, and Cape herpetofaunal zones 
are considered distinctive enough to be recog- 
nized as discrete areas; the Magdalena Plains, 
Vizcaino Desert south, and San Lucan north 
zones may be considered a single area termed 
the Peninsular area. While the Vizcaino Desert 
north and the Coastal Vizcaino Desert zones are 
more similar to each other than to other zones, 
their similarity is not great, so for purposes of 
formation and evaluation of the generalized tracks 
I consider them as discrete areas. Both seem to 
be transitional areas sharing herpetofaunal ele- 
ments among southern regions and the area di- 
rectly to the north, and between themselves. 

If these herpetofaunal areas reflect biological 
reality, comparable patterns of zonal relation- 
ships should be found for other ectothermic an- 
imals. I have calculated SFRF and BFRF coef- 
ficients from the distributional occurrences of 
the scorpions of Baja California (Williams 1980), 
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using the species level as the operational taxo- 
nomic unit (OTU). Phenograms resulting from 
clustering of these data by the UPGMA are shown 
in Figure 4. The cophenetic correlation coeffi- 
cient for the SFRF is 0.90, and for the BFRF 
0.91. Branching patterns are very similar to those 
for the herpetofaunal areas (Fig. 3), although the 
FRF’s for the scorpions are much lower than for 
the herpetofauna, because of higher levels of 
endemism in the scorpions. The clustering se- 
quence of the SFRF coefficients for the scorpions 
(Fig. 4a) is identical to that in the BFRF phe- 
nogram for the herpetofauna (Fig. 35). The BFRF 
phenogram for the scorpions places the San Lu- 
can Norte zone (Williams’s Volcanic Province) 
outside of the cluster uniting the Cape and Mag- 
dalena Plains zones; this results from the San 
Lucan Norte zone’s having a greater number of 
scorpions, with a greater proportion of these being 
endemic. The scorpion data support my concept 
that the northern Vizcaino region should be con- 
sidered as an area separate from the Cape and 
the south-central peninsula, as well as reinforcing 
my underlying assumption that the six herpe- 
tofaunal areas reflect biological reality. 


Generalized Tracks 


Among the 96 species naturally occurring on 
the Baja California peninsula, 27 unique patterns 
of distribution were found among the six her- 
petofaunal areas. Roughly 40% of the herpeto- 
fauna was found only in the four northernmost 
areas, and 20% in the southernmost areas. The 
remaining species were found throughout the 
peninsula, although not necessarily in every area. 
Another way to subdivide the herpetofauna is by 
each species’ propensity to occur in a particular 
habitat, regardless of north-south distribution. 
Ubiquitous species, occurring in both relatively 
xeric and mesic habitats, compose about 24% of 
the total herpetofauna; xerophilic and thorn 
scrub-adapted species account for 27%; and the 
remaining species are relatively mesophilic. The 
high percentage of species associated with mesic 
habitats is not surprising, considering that a rel- 
atively large number of amphibians and reptiles 
are found only in the Californian area (Table 2) 
and near the Colorado River. All of these me- 
sophilic species are found in association with 
chaparral, montane, and riparian habitats. We 
can subtract 6% if those in the Colorado Desert 
area along the Colorado River are considered 
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Ficure 4. Cluster analysis of the FRF’s calculated from 
distributional occurrences of scorpions (Williams 1980). The 
solid lines enclose major biogeographic areas of Williams, 
modified by combining the species occurrences in the Van- 
couveran area with the Californian for purposes of calculation, 
and considering the Volcanic Province of Williams synony- 
mous with the San Lucan north (SN) area to facilitate com- 
parison with Figure 3. 


xerophilic. There are thus nine possible ways to 
subdivide the herpetofauna on the basis of pro- 
pensity for a particular habitat and geographic 
distribution on the peninsula. 

Analysis of the distributional patterns is more 
complicated than analysis of the nine possible 
generalized tracks. Some species endemic to the 
Cape area have sister species in the north. Sim- 
ilarly, some of the 16 species distributed through- 
out the peninsula (Table 2) are confined to the 
Peninsular Ranges south of the Transverse 
Ranges of southern California (e.g., the red dia- 
mond rattlesnake, Crotalus ruber). The nearest 
relatives of some species are in the Colorado 
Desert area of the southwestern United States, 
others are in tropical Mexico, and the relation- 
ships of others still await phylogenetic analysis. 
Seib (1980) treated this situation by subdividing 
the peninsular herpetofauna into three major 
groups: ecological isolates (non-transpeninsular 
species); mainland disjuncts and/or peninsular 
endemics whose hypothetical ancestors were from 
tropical Mexico southeast of the peninsula; and 
northern dispersers, or species with populations 
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(or near relatives) north and east of the peninsula. 
However, Seib’s analysis does not include a 
number of distributional, systematic, and phy- 
logenetic updates which have recently become 
apparent. By and large his groups do not reflect 
the distribution of the various herpetofaunal ele- 
ments by habitat association; yet such associa- 
tions are necessary for sound biogeographic in- 
terpretation. 

The various species distributions can be di- 
vided into five major generalized tracks on the 
basis of geographic distribution and habitat as- 
sociation: 


Marginal Species 


Of the 96 species of amphibians and reptiles 
on the Baja California peninsula, 35 are consid- 
ered marginal in distribution. These species are 
distributed among three minor tracks. Several 
species are found only in the relatively mesic 
habitats of the Californian area, or in both the 
Californian and Vizcaino Norte areas. Several 
are found only in the Colorado Desert area or in 
both the Colorado Desert and Coastal Vizcaino 
areas, mostly in association with the Colorado 
River and delta, as previously noted, or with the 
sand dunes of the Sonoran Desert, which extend 
as far south as San Felipe. The third minor track 
consists of species distributed among the four 
northern regions and, in general, those capable 
of surviving in both mesic and xeric habitats. All 
members of the Marginal Species track have more 
extensive distributions off the peninsula. (Three 
species having distributions that fall within this 
track do not belong to this group. The granite 
night lizard [Xantusia henshawi] 1s restricted to 
the Peninsular Ranges south of the Transverse 
Ranges and should be considered an endemic 
part of the peninsular herpetofauna. Unlike the 
marginal species, this species does not have pop- 
ulations that occur outside of the Peninsular 
Ranges geologic province. Two other species, the 
banded rock lizard [Petrosaurus mearnsi] and the 
Lahtel’s tree lizard [Urosaurus lahtelai| appear 
to be restricted to the Peninsular Ranges and 
have phylogenetic affinities with more southerly 
species.) 

In summary, marginal species account for 
about 36% of the peninsular herpetofauna of Baja 
California. 


Southern Species 


As delimited by the FRF’s, the species of the 
southern peninsular herpetofaunal zones cluster 
together (Fig. 3). A total of 16 species are re- 
stricted to one or more of these southern areas, 
forming two minor tracks of distribution. The 
first is composed of eight species restricted to the 
Cape area, four in mesic mountain habitats, and 
four in xeric or transition habitats. The second 
consists of southern species shared between the 
Cape area and more northerly areas; these six 
species form five patterns of distribution (Table 
2). Additionally, two species, the Baja California 
night snake (Eridiphas slevini) and Couch’s 
spadefoot toad (Scaphiopus couchi) have a 
southerly distribution that extends north into the 
Coastal Vizcaino area; the latter has an allopatric 
population in the Sonoran Desert outside of Baja 
California. Because Sceloporus monserratensis 
has been found in the Cape area (Murphy, un- 
published data), there are no species of amphib- 
ians or reptiles endemic to the Peninsular area. 

In summary, 17% of the herpetofauna of Baja 
California has a strictly southern track of distri- 
bution, half of these species being restricted to 
the Cape area. 


Ubiquitous Species 


There are 16 species on the Baja California 
peninsula that occur in every herpetofaunal area. 
These include | frog, 4 lizards and 10 snakes. 
Two additional species, the black-collared lizard 
(Crotaphytus insularis) and the glossy snake (4r- 
izona elegans), may be added to this track. Both 
occur throughout most of the peninsula except 
in the southernmost areas. Thus, the 18 species 
in this track account for 19% of the total native 
herpetofauna of Baja California. 

While snakes compose only 35% of the total 
peninsular herpetofauna, they account for 67% 
of the herpetofauna in this track. This dispro- 
portionate number of snake species may be a 
reflection of their dispersal ability and/or their 
ecological position as predatory carnivores. 


Transpeninsular Mesophilic Species 


A few species on the Baja California peninsula 
have distributions in, or almost in, every her- 
petofaunal area except the Colorado Desert area. 
Most of these species are restricted to the west 
coast of the peninsula at about latitudes 28°N to 
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29°N. The rainfall pattern in this region shifts 
from predominantly summer rains in the south 
to winter rains 1n the north. Most of these species 
may be unable to survive their season of activity 
without substantial amounts of available free 
water. 

There are two minor tracks of distribution 
within this major track. Some species have es- 
sentially continuous distributions, such as the 
orangethroat whiptail lizard (Cnemidophorus 
hyperythrus). In total this minor track contains 
seven species (Table 2), among them the mono- 
phyletic peninsular radiation of the Sceloporus 
magister species complex, including (north to 
south) S. rufidorsum, S. monserratensis, and S. 
zosteromus. (S. magister occurs in the Colorado 
Desert area but is not considered a member of 
this peninsular radiation, as later discussed.) The 
second minor track of distribution consists of 
nine species that have disjunct populations in 
the north and south, or throughout the peninsula. 
Most of these are restricted to vicinities where 
surface water is present, e.g., the Pacific treefrog 
(Hyla regilla) and the western aquatic garter snake 
(Thamnophis couchi, including the subspecies 7. 
c. digueti). 

Thus about 17% of the herpetofauna of Baja 
California is associated with the Transpenin- 
sular Mesophilic Species track. 


Transpeninsular Xerophilic Species 


The final major track is composed of species 
distributed throughout the peninsula except in 
the mesic regions of the northwest. The distri- 
bution of 10 species is continuous from the Cape 
area through the Colorado Desert area, and eight 
additional species are divided among three species 
groups which have one or more Cape area species 
and the nearest sister species just north. These 
are (north to south): the leaf-toed geckos (Phyl- 
lodactylus nocticolus—P. unctus and P. xanti), 
spiny lizards (Sceloporus orcutti—S. hunsakeri 
and S. /icki), and small-scaled lizards (Urosaurus 
microscutatus— U. nigricaudus). 

In all, 18 species composing almost 20% of the 
native herpetofauna belong to the generalized 
Transpeninsular Xerophilic Species track. 

I reemphasize that among the various species 
constituting each of these five major generalized 
tracks of distribution, some have phylogenetic 
affinities with tropical Mexico and others with 


territories north and east of the peninsula. This 
will be discussed later. 


PREVIOUS SCENARIOS 


A number of scenarios have been proposed to 
explain the patterns of distribution of single 
species, species groups, and the entire herpeto- 
fauna. Some studies have dealt exclusively with 
the peninsula, others just with islands; only a few 
have treated both. Previous evolutionary sce- 
narios have with few exceptions assumed the per- 
manency of the peninsula—i.e., its Eocene or 
earlier formation. Although current evidence does 
not support this idea, much value can be gained 
from a comparison of Matthewian (northern or- 
igin-southern dispersal) hypotheses with those 
based upon plate tectonics. 

Although Nelson (1921) and Schmidt (1922, 
1943) published the first significant zoogeo- 
graphical treatments, Savage (1960) developed 
detailed hypotheses for the evolution of the pen- 
insular herpetofauna. Savage’s hypothesis, based 
on both geological history (King 1958; Durham 
and Allison 1960) and geofloral history (Chaney 
1938, 1940, 1944, 1947; Axelrod 1948, 1950, 
1956, 1957, 1958: MacGinitie 1958), assumes a 
strong correlation among geologic, geofloral and 
herpetofaunal histories (Savage 1960:189). The 
herpetofaunas were thought to evolve in a se- 
quence dependent upon and parallel to their re- 
spective habitats. 

With the onset of increasing aridity from the 
Miocene to the early Pliocene, according to Sav- 
age (1960), tropical types retreated to the south 
as early thorn-scrub communities invaded (Fig. 
5a). Remnants of these groups associated with 
the thorn-scrub vegetation include the progeni- 
tors of sator lizards (Sator), the Cerralvo Island 
orangethroat whiptail (Cnemidophorus ceralben- 
sis), the mole amphisbaenian (Bipes biporus), and 
the Baja California night snake (Eridiphas slev- 
ini). Sator and C. ceralbensis are today found 
only on islands in the Gulf of California; F. slev- 
ini occurs on Islas Cerralvo and San Marcos (Ott- 
ley and Tanner 1978) as well as on the peninsula. 

Savage proposed that by the early Pliocene 
(Fig. 55), additional representatives of xeric- 
adapted taxa had invaded the peninsula. These 
were the ancestors of dominant peninsular gen- 
era or species groups including banded geckos 
(Coleonyx), leaf-toed geckos (Phyllodactylus), 
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FiGureE 5. 


Summary of Savage’s (1960) biogeographical scenario. Sequences are: (a) early Miocene; (5) early Pliocene; (c) 


late Pliocene; (d) Pleistocene at glacial maximum; (e) Pleistocene at interglacial. Solid arrows indicate expansions of herpetofaunal 
complexes; broken arrows indicate contractions. (Adapted from Savage 1960.) 


night lizards (Xantusia), spinytail iguanas 
(Ctenosaura), horned lizards of the western 
species (Phrynosoma coronatum), granite spiny 
lizards (Sceloporus orcutti), small-scaled lizards 
(Urosaurus microscutatus and U. nigricaudus), 
rock lizards (Petrosaurus), skinks (Eumeces), 
whiptail lizards (Cnemidophorus), alligator liz- 
ards (Gerrhonotus), legless lizards (Anniella), 
blind snakes (Leptotyphlops), rosy boas (Lichan- 
ura), sand snakes (Chilomeniscus), night snakes 
(Hypsiglena), striped racer snakes (Masticophis 
lateralis and M. aurigulus), gopher snakes (Pi- 
tuophis), ground snakes (Sonora), blackhead 
snakes (T7antilla), garter snakes (Thamnophis), 


lyre snakes (Trimorphodon), and rattlesnakes 
(Crotalus enyo and C. ruber). 

In the Miocene or early Pliocene, three genera, 
the slider turtle (Chrysemys), rat snake (Elaphe), 
and water snake (Nerodia), became established 
in the remaining thorn-scrub community. 

By the late Pliocene (Fig. 5c), a number of 
species groups had entered from the north from 
mainland Mexican centers of desert vegetation, 
in response to increasingly arid conditions as- 
sociated with mountain-building activity. Such 
species include Couch’s spadefoot toad (Sca- 
phiopus couchi), the red-spotted toad (Bufo 
punctatus), zebratail lizard (Callisaurus draco- 
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noides), desert iguana (Dipsosaurus dorsalis), 
longnose leopard lizard (Gambelia wislizenii), 
chuckwalla (Sauromalus obesus), spotted leaf- 
nose snake (Phyllorhynchus decurtatus), and 
speckled rattlesnake (Crotalus mitchellii). In as- 
sociation with mountain-building events, the an- 
cestral stocks of the following recent groups en- 
tered the relatively humid regions of the 
peninsula: climbing salamanders (Aneides), slen- 
der salamanders (Batrachoseps), ensatina sala- 
manders (Ensatina), and pond turtles (Clem- 
mys). 

In the Pleistocene, during maximum glacial 
periods (Fig. 5d), mesic Madrean forms with rel- 
atively high rainfall requirements, such as the 
western spadefoot toad (Scaphiopus hammondi), 
southwestern toad (Bufo microscaphus), and Cal- 
ifornia treefrog (Hyla cadaverina), probably in- 
vaded the moister coastal regions of the penin- 
sula. Two members of Savage’s ‘“‘Holarctic 
Element,” the western toad (Bufo boreas) and the 
red-legged frog (Rana aurora), became estab- 
lished in the same region of the peninsula. At 
times of interglacial conditions (Fig. 5e), one or 
several waves of desert-adapted forms invaded 
the northeast region of the peninsula by traveling 
north from a Sonora refugium around the head 
of the Gulf of California. These “‘recent” invad- 
ers included the collared lizard (Crotaphytus), 
desert horned lizard (Phrynosoma platyrhinos), 
chuckwalla (Sauromalus obesus), desert spiny 
lizard (Sceloporus magister), tree lizard (Urosau- 
rus ornatus), western whiptail (Cnemidophorus 
tigris), glossy snake (Arizona elegans), western 
ground snake (Sonora semiannulata), and west- 
ern diamondback rattlesnake (Crotalus atrox). 

Pleistocene events terminated in increased el- 
evation of the mountains, increased aridity, and 
general temperature depression. With the devel- 
opment of less xeric conditions, ““Madrean 
Complex” groups at times of glacial maxima 
dominated most of the peninsula, with “Desert 
and Plains Complex”’ groups restricted to Cape 
and Sonoran Desert regions (Fig. 5d). During in- 
terglacial times, environmental restriction of the 
Madrean Complex Faunas to a southern refuge 
both in mainland Mexico and on the peninsula 
allowed invasion of the peninsula by mainland 
desert elements, as the Madrean Elements were 
eliminated from central Baja California (Fig. Se). 
Dispersal of Cape-refugium desert elements 
northward, to form a mixture of Cape species 
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and Mexican mainland types in the central Pen- 
insula Desert, occurred simultaneously. This 
scheme would account for the Madrean Complex 
mesophilic species’ being found in two disjunct 
regions: the northwest coastal and montane area, 
and the San Lucan (Cape) uplands (Savage 1960). 

Soulé and Sloan (1966) commented on the bio- 
geographic and evolutionary patterns of am- 
phibians and reptiles inhabiting the islands in 
the Gulf of California, which they divided into 
probable recent, shallow-water islands and deep- 
water islands. Shallow-water islands are sepa- 
rated from mainland Mexico or the Baja Cali- 
fornia peninsula by a sea depth of less than 130 
m, deep-water islands by a depth exceeding 130 
m. Pleistocene glaciation resulted in sea-level 
changes ofas muchas | 30 m, creating and drown- 
ing temporary land bridges between the main- 
land and the young or recent shallow-water is- 
lands, including Islas Tiburén, San Marcos, 
Carmen, Coronados, Danzante, San José, San 
Francisco, and Espiritu Santo, as well as many 
small coastal and satellite islands (Fig. 1). Thus, 
“biogeographic and evolutionary patterns found 
in the islands today are probably interpretable, 
in large part, as the result of Pleistocene events” 
(Soulé and Sloan 1966:149). Unfortunately, an 
analysis of the origin and relationship of the deep- 
water island herpetofaunas was not presented. 

Taylor and Regal (1978) briefly treated the 
peninsular herpetofauna, suggesting that the 
number of species of reptiles decreased from north 
to south. Such peninsular effects would support 
Savage’s (1960) scenario. However, Seib (1980) 
showed that the number of lizard and snake 
species belonging to various distributional groups 
actually increased in relative frequency from 
south to north. Consequently, he suggested, as I 
had earlier (Murphy 1975), a generalized south- 
ern, tropical Mexico transgulfian origin for many 
peninsular species. 

Case (1975) and Wilcox (1978) applied the 
equilibrium theory of island biogeography 
(MacArthur and Wilson 1963, 1967) to the her- 
petofauna on the islands in the Gulf of Califor- 
nia. Case in particular felt that the number of 
species of lizards on the Gulf islands resulted 
from ongoing interactions between colonization 
and extinction. Wilcox suggested that there were 
more species on the Gulf islands than predicted 
by equilibrium theory because of insufficient time 
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for relaxation to lower equilibrium levels of 
species diversity. 

On the basis of species composition and 
species/area relationships, Savage (1967:226) 
hypothesized that the most distinctive elements 
in the insular herpetofauna colonized the Pacific 
coastal islands by “fortuitous over-water waif 
distribution” and are ““depauperate chance sam- 
plings of the faunas of the adjacent mainland.” 
Wilcox (1980) agreed with Savage, emphasizing 
that historical factors have resulted in these is- 
lands’ having fewer species than predicted by the 
equilibrium theory of island biogeography; he 
did not consider the islands to be at equilibrium. 

Aside from these general treatments of the her- 
petofauna, there have been numerous lesser con- 
tributions treating taxonomic groups. For in- 
stance, Conant (1969) examined the distribution 
of the water snake, Nerodia valida, in the Cape 
area of Baja California, and Yanev (1980) pro- 
posed over-water dispersal to explain the occur- 
rence of populations of slender salamanders, Ba- 
trachoseps pacificus, on Pacific coastal islands. 
Most such reports are direct applications of Sav- 
age’s (1960, 1967) or MacArthur and Wilson’s 
(1963, 1967) biogeographic treatments. 

Basic assumptions of both Savage’s (1960) 
peninsular scenario and the insular scenarios of 
Case (1975) and Wilcox (1978) can be criticized. 
Elsewhere (Murphy 1983) I have reexamined the 
equilibrium scenarios as applied to the Gulf her- 
petofauna, suggesting that there is no ongoing 
interaction between colonization and extinction 
for most of the islands. Moreover, Case inap- 
propriately lumps islands that fall into two dis- 
tinctive climatic regimes: the Gulf islands north 
of latitude 28°N receive most of their rainfall in 
the winter, whereas the islands south of this lat- 
itude receive predominantly summer rains 
(Aschmann 1959). 

Savage’s (1960) scenario for evolution of the 
peninsular herpetofauna was based on two ques- 
tionable critical assumptions: the permanency of 
the peninsula, and the development and distri- 
bution of the herpetofauna concomitant with the 
geoflora. It is now well established that the Baja 
California peninsula has not been a more or less 
permanent feature of western North America 
since the Eocene or earlier (see Atwater 1970). 
And the second assumption 1s doubtful. The So- 
noran Desert region extends throughout most of 
the peninsula, except for the Californian herpe- 


tofaunal area and most of the Cape area (Fig. 2). 
If the herpetofauna of Baja California developed 
concomitantly with the Madro-Tertiary vegeta- 
tion, parallel patterns of distribution would be 
predicted. Thus, many of the mesophilic her- 
petofaunal species in the Cape area should be 
found further north in the San Lucan herpeto- 
faunal zone (Fig. |) in association with San Lucan 
vegetation (Fig. 2). Similarly, species found in 
the Colorado Desert herpetofaunal area should 
be found further south on the peninsula. But con- 
trary to these predictions, the FRF’s show that 
the Colorado Desert herpetofaunal area is unique 
(Fig. 3). Moreover, Cole and Van Devender 
(1976) and Van Devender and Mead (1978) 
showed that when juniper woodlands replaced 
the Sonoran Desert vegetation at times of max- 
imum Wisconsin glaciation, the desert-adapted 
herpetofaunal elements maintained their distri- 
butions rather than retreating into xeric refuges. 

Although there 1s an obvious correlation be- 
tween habitats and herpetofaunal distributions — 
e.g., xerophilic species occur 1n desert habitats— 
it cannot be assumed that the herpetofaunal de- 
velopment depended upon vegetational devel- 
opment. Certainly other variables, such as phys- 
iography or interspecific competition for available 
habitats, cannot be dismissed. There is no a priori 
reason to expect that herpetofaunal distributions 
are directly dependent upon and co-evolve with 
vegetational distributions, as in certain insect 
groups (e.g., Ehrlich and Raven 1965). Because 
both of Savage’s (1960) major assumptions can 
no longer be accepted, new hypotheses are need- 
ed to explain the major tracks of distribution of 
the herpetofauna of Baja California. 


DERIVATION OF FAUNAL ASSEMBLAGES AND 
THEIR AFFINITIES 


This paleobiogeographic scenario—a_ recon- 
struction of events, based on conceptual geologic 
and distributional models for evolution of the 
Baja California amphibians and reptiles— will be 
presented in chronological sequence, following 
the time-scale of Berggren and Van Couvering 
(1974) and Van Couvering (1978). The most sig- 
nificant departure of this time-scale from the 
more “‘classical”’ one is in placement of the Mio- 
cene—Pliocene boundary at 5.2 MYBP instead of 
an 11-13 MYBP transition. The Pliocene—Pleis- 
tocene boundary is placed at 1.6-2.0+ MYBP. 
Adoption of this time-scale is significant for the 
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Ficure 6. Reconstruction of the subaerial regions of southwestern North America during the Eocene (a), about 45 MYBP, 
and the middle Miocene (b), about 15 MYBP. Abbreviations indicate relative positions of: GU, Guaymas, Sonora, Mexico; 
LA, Los Angeles, California; LP, La Paz, Baja California Sur, Mexico; MZ, Mazatlan, Sinaloa, Mexico; SM, Islas Santa Margarita 
and Magdalena; and SV, Sierra Vizcaino including Isla Cedros. Stippled area denotes temporary existence of the proto-Gulf of 


California. 


correlation of paleoecologic and paleogeographic 
events. 

The discussion will for the most part begin 
with the Neogene, although it will be necessary 
at times to refer to Paleogene events. The paleo- 
geography and paleoecology will be briefly re- 
viewed before the paleobiogeography discussion. 
Much of the detailed documentation and argu- 
ments will appear in forthcoming titles (Murphy, 
in preparation) and for the sake of brevity will 
not be presented here. 


Miocene and Earlier 
Paleogeography 


The current distributions and evolutionary re- 
lationships of the amphibians and reptiles that 
eventually came to occupy the peninsula and 
islands of Baja California are most easily ex- 
plained by the major geophysical, paleoecologi- 
cal, and paleogeographical events of the middle 
Miocene, about 15 MYBP, before formation of 
the Gulf of California (Figs. 6 and 7). During the 
early to middle Miocene, what now constitutes 
Baja California was adjacent to mainland Mex- 
ico where the Gulf of California is now (Atwater 
1970; Atwater and Molner 1973). From Figure 


6 it can be seen that much of “Baja California” 
was under the sea, with the notable exceptions 
of three granitic batholith regions: northeastern 
Baja California; the Vizcaino peninsula, includ- 
ing Isla Cedros; and the Cape area (Mina 1957; 
King 1958, 1959; Durham and Allison 1960; 
Minch et al. 1975; Gastil et al. 1975). Signifi- 
cantly, the middle Miocene period in Baja Cal- 
ifornia was characterized by a rejuvenation of 
orogenic events which continued the elevation 
of the northern Peninsular Ranges and emer- 
gence of the central Peninsular Ranges through 
volcanism (Fig. 8; Durham and Allison 1960; 
Karig and Jensky 1972). The low-elevation Pen- 
insular Ranges existed as a westward extension 
of mainland Mexico, with a relief consisting of 
rolling hills (Gastil et al. 1975). To the east the 
Sierra Madre Occidental and Mexican Plateau 
were uplifted (King 1959). 

By the close of the Miocene, the paleogeog- 
raphy had changed considerably. “Baja Califor- 
nia” had migrated some 260 km northwest to 
the region of the Islas Las Tres Marias (Fig. 9), 
and the proto-Gulf of California began forming 
(Gastil and Jensky 1973). The initial (middle 
Miocene?) biogeographic effects of the proto-Gulf, 
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FIGURE 7. 


b 


Generalized vegetation distributions during the Eocene (a) and middle Miocene (b) as hypothesized by Axelrod 


(1979:28). Vegetation distributions are superimposed on the subaerial regions of southwestern North America shown in 
Figure 6. Symbols as shown in Figure 2 with addition of diagonal lines representing deciduous and mixed conifer forests. 


however, may be deemed trivial, for apparently 
the sea receded at least once, and possibly several 
times, and thus the Gulf was not a permanent 
geographic feature until around the Miocene- 
Pliocene boundary, about 6-5 MYBP. Signifi- 
cantly, because the proto-Gulf was not a per- 
manent feature until the Miocene—Pliocene 
boundary, an isolated peninsula (Savage 1960) 
did not exist prior to that time. Thus, the only 
geographically isolated portions of the extant 
peninsula in the middle Miocene were the islands 
near (and including) the current Cape area (here- 
after referred to as Cape Islands), the Sierra Viz- 
caino, and several southern peninsular-associ- 
ated island localities (Fig. 6). 


Paleoecology 


The declining temperature and increasing 
aridity from the Eocene onward ultimately re- 
stricted neotropical-Tertiary geofloral elements 
to the south. According to Axelrod (1979), about 
40 MYBP in the Eocene, subaerial regions of 
Baja California were dominated by dry tropic 
forest which extended virtually uninterrupted 
throughout most of northern Mexico (Fig. 7). 
Oak-pifion woodlands and arid tropic-scrub hab- 


itats were restricted to higher elevations of the 
young, developing mountain regions. By the close 
of the Oligocene, the Madro-Tertiary geoflora 
predominated along the mountain chains and 
uplands of central Mexico (Axelrod 1975). The 
declining temperature and increasing aridity of 
the Paleogene continued into the Neogene and 
facilitated the spread of the Madro-Tertiary geo- 
flora. Concomitantly, as the American plate 
moved northward, the neotropical-Tertiary geo- 
flora retreated southward. In the middle Mio- 
cene, around 15 MYBP, the Madro-Tertiary geo- 
flora was quite extensive (Fig. 7). Extreme western 
regions were apparently characterized by a neo- 
tropical or tropical flora (Peabody and Savage 
1958; Savage 1960; Axelrod 1975, 1979). That 
emerged portions of the northern Peninsular 
Ranges must have been quite wet 1s corroborated 
by the abundance of deep Miocene streambeds 
(Gastil et al. 1975). 

In the absence of fossil data, I assume that the 
Cape Islands supported a mixture of neotropical- 
Tertiary and Madro-Tertiary geofloras in the re- 
spective tropical and temperate climatic regimes; 
the temperate regime of the Cape resulted from 
altitudinal effects. 
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FiGure_ 8. 


b 


Reconstruction of the subaerial regions of Baja California and surrounding areas from the middle Miocene (a), 


about 10 MYBP, until the late Miocene (b), about 7 MYBP. Abbreviations as in Figure 6. Arrows indicate relative movement 
of the plates at their subaerial junctions. Note that the peninsula is completely formed by the late Miocene (4); the Cape is 


connected to the remainder of the peninsula. 


Paleobiogeography 


The presumed ancestral Miocene herpeto- 
fauna may be divided into two major assem- 
blages; one composed of southern tropical and 
subtropical-associated organisms, the other as- 
sociated largely with development of the Madro- 
Tertiary geoflora. 

About 14 MYBP the Cape area of Baja Cali- 
fornia broke away from mainland Mexico near 
the western extreme of the Transverse Volcanic 
Range, becoming an island or a group of closely 
associated islands (Fig. 6). Herpetofaunal species 
belonging to several genera were probably dis- 
tributed throughout the dry tropic forest (=neo- 
tropical-Tertiary geoflora), including the Cape 
area and adjacent Mexico. Constituent genera or 
their progenitors probably included a slender 
salamander (Batrachoseps), treefrogs (Hy/a), leaf- 
toed geckos (Phyllodactylus), chuckwallas (Sau- 
romalus), desert iguanas (Dipsosaurus), side- 
blotched lizards (Uta), tree lizards (Urosaurus), 
whiptails (Cnemidophorus), mole amphisbaeni- 
ans (Bipes), blind snakes (Leptotyphlops), boa 
constrictors (Boa), Baja California night snakes 
(Eridiphas), blackhead snakes ( Tantilla), and rat- 


tlesnakes related to the Middle American species 
(Crotalus enyo). Moreover, the barefoot geckos 
(Anarbylus), skinks (Eumeces), alligator lizards 
(Gerrhonotus), water snakes (Nerodia), and rat 
snakes (Elaphe), and possibly a basking turtle 
(Chrysemys) became isolated and entrapped on 
the newly formed Cape Islands. (Chrysemys is 
included only tentatively because of its possible 
human introduction into aquatic habitats of Baja 
California by Indians and/or Jesuit priests as a 
source of fresh meat; these turtles are still fre- 
quently eaten in remote places on the peninsula.) 
These genera represent four generalized tracks of 
distribution: Ubiquitous Species, Southern 
Species, and Transpeninsular Xerophilic and 
Mesophilic Species tracks. These taxa occur ex- 
clusively, or mainly, in western North America, 
with closest phylogenetic affinities to tropical- 
related species. Note from Figure 9 that the trop- 
ical scrub regions of western North America were 
in the Miocene distributed toward the Cape on 
pre-peninsular regions. 

The Sierra Madre Occidental and Oriental and 
the Mexican Plateau were uplifted during the 
middle Miocene (King 1959), with concomitant 
effects on the distribution of the Madro-Tertiary 
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FiGure 9. Reconstruction of subaerial regions of southwestern North America at the Miocene-Pliocene boundary, about 5 
MYBP, and the middle Pliocene, about 3-4 MYBP. Abbreviations are the same as in Figure 6, plus: FR, faunal and floral 
regions of both the Mount Eden Beds and the Soboba Flora; TM, Islas Las Tres Marias. The cross-hatched region around FR 
denotes the hypothesized San Gorgonio Barrier. Note that the Cape area is once again isolated from the remainder of the 


peninsula (compare with Fig. 8). 


geofloral-associated reptiles and amphibians. 
Most significantly, by the end of the Miocene, 
Cascadian orogenic events split the widespread 
populations into eastern and western halves, and 
as a direct result a number of sibling species pairs 
were formed, such as zebratail lizards (Calli- 
saurus draconoides and C. texanus), horned liz- 
ards (Phrynosoma coronatum and P. orbiculare), 
and probably spiny lizards (Sceloporus magister 
and S. orcutti both sensu lato). Between the 
northern end of the Sierra Madre Occidental and 
the southern Rocky Mountains, the Cochise Fil- 
ter Barrier allowed a continuity of gene flow for 
a few taxa until the Pliocene (Zweifel 1962; Lowe 
1955; Pough 1966; Bogert and Degenhardt 1961; 
Fowlie 1965; and, particularly, Morafka 1977). 
These species are on the Ubiquitous and the two 
Transpeninsular tracks of distribution. 
Evolution of the herpetofauna on Miocene is- 
lands resulting from geographic isolation was ex- 
tremely important, but much of it may not have 
occurred on currently extant islands. It is not 
clear geologically ifany of the extant Gulf islands 
are of Miocene origin; most evidence points to 
a Pliocene or Pleistocene origin for at least Isla 
Santa Catalina, a southern old island (Fig. 1). 


Evidently the most significant island formations 
of the Miocene were the Cape islands. For ex- 
ample, it is possible that on these islands Dip- 
sosaurus, the desert iguana, differentiated from 
a green iguana stock (/guana);, the chuckwalla 
from a spinytail iguana (Ctenosaura), and the 
banded rock lizard (Petrosaurus) from a scelop- 
orine ancestor. Similarly, other “‘southern”’ forms 
such as the Baja California night snake (Eridi- 
phas) presumably derived from night snake 
(Hypsiglena) and cat-eyed snake (Leptodeira) an- 
cestral stock (Leviton and Tanner 1960), and the 
barefoot gecko (Anarbylus; Murphy 1974) from 
a banded gecko (Coleonyx-like) ancestor. These 
forms underwent morphological change consid- 
ered sufficient to warrant generic recognition. 
Other lineages were more conservative. Trans- 
gulfian sister species belonging to the mole am- 
phisbaenian genus Bipes, the leaf-toed gecko ge- 
nus Phyllodactylus, and the tree lizard genus 
Urosaurus, for example, did not sufficiently di- 
verge from one another morphologically to jus- 
tify placement in separate genera. 

It seems probable that only three extant islands 
are of Miocene origin: Islas Santa Cruz, San Die- 
go, and Cerralvo (Fig. 1). (Murphy 1975) earlier 
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Ficure 10. The western North American geographic distributions of the red diamond rattlesnake, Crotalus ruber, and the 
western diamondback rattlesnake, C. atrox (after Klauber 1972); island populations of C. ruber are not shown. 


proposed that the genus Sator, which 1s recorded 
only from these three Gulf islands, was derived 
from a mainland Mexico stock as the islands 
broke away. Wyles and Gorman (1978), using 
immunological techniques to ascertain the clos- 
est relative of Sator, consider it a sister species 
of Sceloporus utiformis, recorded from the main- 
land Mexico states of Colima, Guerrero, Jalisco, 
Michoacan, Nayarit, and Sinaloa. This phylo- 
genetic affinity was originally suggested by 
Dickerson (1919) and Schmidt (1922) on mor- 
phological grounds. Similarly, the western dia- 
mondback rattlesnake (Crotalus atrox) is record- 
ed from Isla Santa Cruz but not from central and 
southern portions of the peninsula or other 
southern islands of Baja California (Fig. 10); it 


occupies the arid regions of western and central 
mainland Mexico and northeastern Baja Cali- 
fornia. It seems probable that populations of the 
insular genus Sator, and possibly C. atrox, be- 
came established as the result of plate tectonic 
events rather than by rafting or swimming across 
the Gulf of California. 

Thus, the most significant Miocene geohistory 
and paleoecological events were (1) the orogenic 
events giving rise to the Sierra Madres and the 
Mexican Plateau, forming a barrier to east-west 
dispersals of the fauna associated with the Mad- 
ro-Tertiary geoflora; (2) rifting of the Baja Cal- 
ifornia peninsula from mainland Mexico to the 
present-day location of Islas Santa Cruz, San 
Diego, and Cerralvo; (3) continued aridity trends, 
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resulting in spread of the Madro-Tertiary geo- 
flora from the Sierra Madres of Mexico; and (4) 
initial formation of the proto-Gulf of California. 
Many of the herpetofaunal elements represen- 
tative of the Miocene fauna of Baja California 
were present on the peninsula from the beginning 
through transgulfian vicariance, and not through 
dispersals along the Baja California peninsula as 
previous biogeographers (e.g., Schmidt 1922, 
1943: Savage 1960) have proposed. 


Pliocene 


Near the Miocene—Pliocene boundary, 5 
MYBP, a major resurgence of plate tectonic 
events occurred. The resultant plate movements 
had profound effects on the evolution of the pen- 
insular and insular paleobiogeography, paleocli- 
matology, and paleoecology, and thus upon the 
herpetogeography. Indeed, the major Pliocene 
events, when combined with those of the Mio- 
cene, are ultimately responsible for the distri- 
butions and speciation of the populations of am- 
phibians and reptiles which became the source 
for future island colonizations. 


Paleogeography 

Around 5 MYBP, Baja California began to 
move more rapidly northwestward (Larson 1972; 
Moore 1973; Atwater and Molner 1973), sub- 
sequently “drifting” from the present region of 
the Islas Las Tres Marias to its present position. 
The resurgence of plate interactions and the union 
of Baja California with the Pacific plate (Atwater 
and Molner 1973) resulted in further uplift of the 
Peninsular Ranges; volcanic activity continued 
in the southern Peninsular Ranges, the Sierra de 
la Giganta (Mina 1957). The proto-Gulf of Cal- 
ifornia had completely formed by 5 MYBP (Ka- 
rig and Jensky 1972; Gastil et al. 1975) and ex- 
tended from the region of the San Gorgonio Pass 
near San Bernardino, California (Allen 1957), to 
its Opening into the Pacific Ocean between the 
Islas Las Tres Marias and mainland Mexico (Fig. 
9; Moore 1973). In the central and southern pen- 
insula, the Sierra Vizcaino and possibly the Cape 
Islands remained isolated from the Peninsular 
Ranges. During the Pliocene, the Los Angeles 
(California) Basin was submerged beneath the 
Pacific Ocean. The combination of the flooding 
of the Los Angeles Basin and formation of the 
proto-Gulf of California greatly reduced terres- 
trial access to the top of the peninsula (Durham 


and Allison 1960). It is possible that this narrow 
terrestrial connection was actually inundated by 
the Pacific Ocean (A. Orme, University of Cal- 
ifornia, Los Angeles, personal communication, 
1982), isolating the Baja California peninsula 
from the remainder of North America. 

On the North American mainland, the middle 
Pliocene culmination of Miocene Cascadian oro- 
genic events brought the Sierra Madre Occiden- 
tal and Oriental and the Mexican Plateau to near 
their current high altitudes (King 1959; Eardley 
1951). As a direct consequence of these orogenic 
events, the Cochise Filter Barrier became for- 
midable to faunal exchange some 6-4 MYBP 
(Morafka 1977). 


Paleoecology 


These orogenic events seemingly had signifi- 
cant effects on the climate, and thus the flora as 
well. The newly formed, moderately high mon- 
tane regions initiated the establishment of east- 
erly rainshadows. As is supported by Axelrod 
(1975), the late Pliocene “climates in the middle 
latitudes (25-40 degrees north) were essentially 
equivalent to those of ... the present’? (Mor- 
afka 1977:179), although the deserts as we know 
them today did not develop until the last inter- 
glacial (Axelrod 1979). 

Paleobotanical data are available from only a 
single fossil flora on Peninsular California, the 
Mount Eden Beds of southern California (Fig. 
9). Axelrod (1937, 1950) showed that the terres- 
trial constriction at the head of the peninsula just 
25 km west of the proto-Gulf of California was 
characterized by a mixture of Arcto-Tertiary and 
Madro-Tertiary assemblages. In total, eight hab- 
itats were represented: (1) desert; (2) arid sub- 
tropical scrub (similar to that in southern Baja 
California today); (3) coastal sage; (4) grassland; 
(5) chaparral; (6) live oak and walnut woodland; 
(7) digger pine woodland; and (8) big-cone co- 
nifer forest. Desert and arid subtropical (semi- 
desert) elements were presumably restricted to 
isolated exposed sites, such as steep schist and 
granitic hills in the basin of deposition; these 
were species that lived under conditions similar 
to those now found in the more mesic areas 
around the desert borders, rather than with real 
desert community. That the region was indeed 
mesic relative to true desert is supported by the 
occurrence of Pinus sabiniana, P. coulteri, P. 
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tuberculata, Cupressus forbesii, and Pseudotsuga 
macrocarpa. 

Pliocene vertebrate fossils are available from 
the Mount Eden Beds of southern California and 
the Las Tunas local fauna of the Cape area of 
Baja California del Sur. The Mount Eden beds 
show both forest forms (sabre-toothed cats, 
wolves, and bears) and plains-grazing species 
(deer, antelope, horses, camels, boar and pigs, 
and four-toothed proboscideans) (Frick 1933). 
Judging from the modern flora as well as from 
both geologic and vertebrate evidence, this area 
was probably a low-lying basin occupied by shal- 
low lakes and marshes, with adjacent highlands 
(Axelrod 1950). Terrestrial vertebrate fossils from 
the late Pliocene Las Tunas local fauna include 
one frog, a bird, and several reptiles and mam- 
mals (Miller 1979). The fossil herpetofauna con- 
sists of the unidentified frog, a tortoise (Geoche- 
lone) related to species on the east coast of Mexico, 
a lizard (Iguanidae?), a boa (cf. Boa), a colubrid 
snake (Pituophis?), a rattlesnake (Crotalus) allied 
to the C. atrox—C. ruber group, and a crocodile 
(Crocodylus cf. C. moreleti). The presence of the 
crocodile, frog, and certain mammals indicates 
year-round fresh water. 

Most of the shared taxa of the two localities 
consist of plains-grazing—type mammals (pro- 
boscideans, horses, camels, and antelope), al- 
though other mammals (woodrats and ground 
squirrels) and rattlesnakes are more character- 
istic of semiarid climates or subtropical savanna. 
Consequently, Miller (1980:801) felt that during 
the late Pliocene the area remained warm (no 
freezing) year-round, containing a relatively large, 
slow-moving stream in fairly close proximity to 
the Gulf, with the habitat one of subtropical sa- 
vannas. 


Paleobiogeography 


Two scenarios can be deduced from the pa- 
leogeography and paleoecology of the late Mio- 
cene and early Pliocene. The constriction at the 
head of the peninsula may have been exceedingly 
important in forming a mesic filter barrier be- 
tween xerophilic reptiles on either side of the 
proto-Gulf; i.e., the Baja California and Sonoran 
xerophilic species were isolated from one another 
in semidesert and dry tropic forest habitats. Al- 
ternatively, it is possible that a seaway isolated 
these same populations. In either event, the ef- 
fects of this obstruction, termed the San Gor- 
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gonio Barrier, may have been as significant as 
those of the Cochise Filter Barrier, albeit not for 
so long a time. 

The San Gorgonio Barrier (Fig. 9) should have 
prevented gene exchange between some or all 
populations. East—west reptile sister groups whose 
speciation may be attributable to this barrier in- 
clude: tiger rattlesnakes (Crotalus tigris) and 
speckled rattlesnakes (C. mitchellii); red dia- 
mond rattlesnakes (C. ruber) and western dia- 
mondback rattlesnakes (C. atrox) (Fig. 10); and 
collared lizards (Crotaphytus collaris) and black- 
collared lizards (C. insularis). In addition, the 
barrier prevented the dispersal of such penin- 
sula-evolved-and-restricted xerophilic taxa as the 
rat snakes (Elaphe rosaliae), banded rock lizards 
(Petrosaurus mearnsi), leaf-toed geckos (Phyl- 
lodactylus nocticolus), granite spiny lizards (.Sce- 
loporus orcutti), Baja California night snakes 
(Eridiphas slevini), and small-scaled lizards 
(Urosaurus microscutatus). These species belong 
to the Xerophilic Transpeninsular generalized 
track. Not only did the barrier prevent penin- 
sular-evolved species from dispersing into other 
semidesert regions, it at least also prevented non- 
peninsular-evolved, desert-adapted reptiles from 
entering. Excluded taxa probably included xe- 
rophilic species belonging to the Marginal Species 
track such as the flat-tail horned lizards (Phry- 
nosoma mcalli), brush lizards (Urosaurus gra- 
ciosus), tree lizards (U. ornatus), and shovelnose 
snakes (Chionactis occipitalis). 

Mesic-adapted (or mesic-tolerating) amphib- 
ians and reptiles were, of course, not restricted 
from or to the peninsula if a terrestrial contin- 
uum existed. Extant species such as the tiger 
whiptails (Cnemidophorus tigris), western blind 
snake (Leptotyphlops humilis), western aquatic 
garter snakes (7hamnophis couchi), striped racer 
(Masticophis lateralis), kingsnakes (Lampropel- 
tis getulus), gopher snakes (Pituophis melanoleu- 
cus), and western rattlesnakes (Crotalus viridis) 
are among the taxa which currently occupy those 
habitats that Axelrod (1950) described as being 
characteristic of the Mount Eden Beds. 

It could be argued that the seemingly strong 
constraints placed by the barrier on desert-adapt- 
ed taxa may be due in part to the continued 
isolation of the Cape islands, which effectively 
prevented dispersal. We do not know when the 
Cape islands were joined via a terrestrial con- 
nection to the remainder of the Baja California 
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peninsula. Mina (1957) thought this occurred 
during the late Miocene or early Pliocene, where- 
as Durham and Allison (1960) placed it in the 
Pleistocene, and D. L. Anderson (1971) thought 
that the Cape area might have been isolated from 
about 25 to 3 MYBP. Inferences can be extrap- 
olated from the herpetofaunal and fossil distri- 
butional patterns. If the Cape islands remained 
isolated from the remainder of the peninsula un- 
til the Pleistocene, then many of the Middle 
American elements and their Madro-Tertiary— 
associated derivatives (=Young Northern Ele- 
ments of Savage 1960) would not be expected to 
have occurred on northern portions of the pen- 
insula. Thus, we would not need to invoke the 
existence of the San Gorgonio Barrier to explain 
the peninsula-restricted distribution of many Baja 
California reptiles. However, if we assume that: 
(1) the southern, old islands were formed near 
the time when the Baja California peninsula was 
torn away from the North American plate, about 
13 MYBP or later, as the geologic data suggest; 
(2) the Middle American Element-derived gen- 
era Sauromalus (chuckwallas) and Dipsosaurus 
(desert iguanas) evolved on the Cape islands; and 
(3) these two lizards’ current distributions are 
primarily the result of vicariance events and not 
over-water dispersals, then a late Miocene or 
Pliocene Cape islands—Peninsular Ranges con- 
tinuum is necessary in order to derive the Isla 
Santa Catalina (Fig. 1) herpetofauna, which con- 
tains both of these lizards. These assumptions 
are probable, considering the tectonic history of 
the region, the high degree of distinctiveness of 
the Santa Catalina Island herpetofauna (Murphy 
and Ottley, in press), and its close relationship 
to that of the Baja California peninsula rather 
than that of the mainland. 

Miller (1980) encountered a similar biogeo- 
graphical problem with his fossil data in finding 
close similarity of the Las Tunas local fauna to 
contemporaneous taxa in western North Amer- 
ica. He concluded that the Cape islands were not 
isolated from 25 to 3 MYBP, as D. L. Anderson 
(1971) suggested, but rather that they had contact 
or near-contact with the mainland of Mexico near 
the northern edge of the state of Jalisco about 4 
MYBP. Apparently Miller was unaware of the 
contributions of Atwater (1970), Atwater and 
Molner (1973), Christiansen and Lipman (1972), 
Gastil and Jensky (1973), Karig and Jensky 
(1972), and Smith (1976), which propose and 


support the concept of middle Miocene Cape 
islands. The existence of a late Miocene-early 
Pliocene Cape—peninsula connection would ex- 
plain contemporaneous taxa in the Cape and 
northward. Indeed, considering the geologic evi- 
dence for the origin of the Cape islands, Miller’s 
data support the concept of a continuum uniting 
the Cape and the remainder of the peninsula by 
the Pliocene, permitting the interchange of sub- 
tropical thorn-scrub and chaparral herpetofau- 
nas. This land bridge was only temporary, how- 
ever; late Miocene and early Pliocene marine 
deposits occur across the Isthmus of La Paz (Beal 
1948; G. A. Anderson 1950; Mina 1957; Dur- 
ham and Allison 1960) (Figs. 8 and 9). 

In summary, the paleoecological and paleo- 
geographical events of the Pliocene reinforced 
the evolutionary trends which began in the Mio- 
cene. The persistence of the proto-Gulf of Cali- 
fornia and formation of the San Gorgonio Barrier 
isolated the developing xerophilic peninsular 
reptile populations from the remainder of west- 
ern North America; in turn, nonpeninsular xe- 
rophilic populations were prevented from enter- 
ing the peninsula. There was a continuous gene 
flow of mesic-adapted species across the narrow 
constriction at the head of the peninsula. The 
Cape islands’ terrestrial connection with north- 
ern regions 1n the late Miocene or the early Plio- 
cene was obliterated by the close of the Pliocene 
or early Pleistocene. In the Pliocene, Islas Santa 
Catalina and Monserrate (see below) were pos- 
sibly formed by normal faulting from the pen- 
insula and not from the mainland of Mexico. The 
Pliocene climatic trends of increasing aridity and 
declining temperature continued into the Pleis- 
tocene. 


Pleistocene 


The extent to which Pleistocene glacial events 
affected the distribution of amphibians and rep- 
tiles in Baja California has been a subject of con- 
troversy. Most previous biogeographers con- 
cerned with the evolutionary relationships of the 
Baja California herpetofauna (Schmidt 1922, 
1943; Savage 1960) attributed the details of the 
modern distributions of many herpetofaunal ele- 
ments to Pleistocene glacial events. Their studies 
were strongly influenced by, and to varying ex- 
tents conform to, the “northern origin-south- 
ward dispersal” ideas of Matthew (1915). In con- 
trast, Auffenberg and Milstead (1965) stated that 
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the most significant effect of the Pleistocene gla- 
ciations in the west was the drowning and for- 
mation of islands in the Gulf of California—and 
as will be shown, current paleoecological data 
support their ideas. Indeed, we have already seen 
that most of the peninsular distribution patterns 
can be explained by Miocene—Pliocene events. 
The same cannot be stated for most island pop- 
ulations, however, except for the southern old 
islands; i.e., the herpetofaunas of the northern 
old islands and the land-bridge islands were de- 
rived during the Pleistocene. 


Paleogeography 

The geography of Baja California and the is- 
lands in the Gulf of California changed consid- 
erably during the Pleistocene. Pasadenan oro- 
genic events, as the result of Pacific and American 
plate interactions, continued the elevation of the 
Peninsular Ranges (Gastil et al. 1975), completed 
the Coast Range Corridor (Peabody and Savage 
1958), and forced the Gulf of California to recede 
to its current position, although it widened as the 
peninsula continued its northwestern movement 
(Atwater and Molner 1973). Associated with these 
tectonic events was the formation, prior to | 
MYBP (Moore 1973), of the Angel de la Guarda 
block, or island chain (except Isla Rosa), from 
peninsular material located north of the island 
block’s current position (R. P. Phillips 1966) as 
shown in Figure 11. Both the Sierra Vizcaino 
(Minch etal. 1976) and Cape islands (Mina 1957) 
were unified with the peninsula. Perhaps the sin- 
gle most significant event in relation to the Gulf 
of California island herpetofauna was the for- 
mation of land bridges between the peninsula 
and Gulf islands that were separated from it by 
an ocean depth of less than 130 m (Fig. 1), as a 
result of the lowered sea levels due to glaciation 
(Auffenberg and Milstead 1965). 


Paleoecology 


The Pleistocene was characterized by at least 
four southward expansions of the Laurentide 
Continental Glacier across North America, re- 
sulting in massive mammalian extinction (Ev- 
ernden and Evernden 1970) and climate and 
habitat change. The extent to which Pleistocene 
glacial events changed the floral community 
structure may be significant for interpretation of 
the distribution patterns of Baja California am- 
phibians and reptiles. Fortunately, the extent of 
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the change in western North America has been 
the subject of considerable attention and re- 
search during the past decade. Most of this re- 
search has been limited to the effects of the Wis- 
consin glaciation in the region around the head 
of the Gulf of California, from which extrapo- 
lations can be drawn on the extent of floral 
changes, especially as these affect the distribution 
of the Baja California herpetofauna. 

Evidence elucidating the extent of habitat 
change with each consecutive glacial event has 
been reviewed by Axelrod (1966, 1975, 1979) 
and Van Devender and Spaulding (1979). Ax- 
elrod considered the Soboba-region (Fig. 9) hab- 
itats of the Aftonian, Yarmouthian, Sangamon, 
and Recent interglacials to be characterized by 
subhumid, semiarid, subdesert, and desert en- 
vironments, respectively. Lower elevations of 
each interglacial were considered characteristi- 
cally desert. The trend toward increasing aridity 
and spreading of desert habitats is strongly cor- 
related with the formation of easterly rainshad- 
ows, which in turn are associated with increased 
elevation of the northern Peninsular Ranges and 
other mountain regions. 

A single Pleistocene terrestrial vertebrate fau- 
na has been reported from southern Baja Cali- 
fornia. Miller (1977) reported terrestrial mam- 
mals at several sites near San Miguel de 
Commondt associated with pluvial phases. Their 
presence implies “the presence of both wooded 
and grassland habitats, and hence a vegetation 
cover denser than that which now exists in these 
general areas in southern Baja California” (Ax- 
elrod 1979:33). 

An abundance of data suggests a Mediterra- 
nean climate in the California region throughout 
the Wisconsin glaciation; apparently there was 
no drastic increase in winter rainfall (Fairbridge 
1972; Saltzman and Vernecker 1975; Johnson 
1977; Breckenridge 1978), as Arnold (1957) and 
Axelrod (1966) theorized. If the major change 
during the Wisconsin glaciation was lowering of 
the mean annual temperature by 7-8°C (Breck- 
enridge 1978), what was the effect on the sur- 
rounding habitat? Packrat-midden studies (Cole 
and Van Devender 1976; Hendrickson and Prigge 
1975; Phillips and Van Devender 1974; Van 
Devender 1974; Van Devender and King 1971; 
Van Devender and Spaulding 1979; Wells and 
Berger 1967; Wells and Jorgensen 1964) yield a 
predicted displacement of desert shrubs in the 
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Ficure 11. Sequential paleogeographic and tectonic reconstruction of the formation of the Angel de la Guarda block, based 
on Moore (1973), Henyey and Bischoff (1973) and R. P. Phillips (1966). (a) Reconstruction before plate movements, just prior 
to 1 MYBP; hatched region denotes the future location of the Delfin Basin spreading center. (b) Reconstruction of about 0.5 
MYBP after the island block was formed; note the relatively northward direction of movement of the more westerly regions, 
as indicated by the arrows. (c) Reconstruction of the present. Islands are: A, Angel de la Guarda; P, Partida Norte; S, San 


Lorenzo Norte and Sur. 


southwest from about 1700 m elevation to near 
700 m; 1.e., the desert persisted at elevations be- 
low 700 m during the maximum extent of the 
Wisconsin glaciation 27,000-13,000 YBP. 
Moreover, the increased soil moisture afforded 
suitable conditions for coniferous woodlands 700 
m lower into the deserts. The presumed displace- 
ment based solely on decreased annual temper- 
ature and not on increased rainfall is sufficient 
to account for the 750 m higher displacement of 
the habitats that Axelrod (1966) stated were 
modern equivalents of the Kansian Glacial Stage 
Soboba flora. 


Paleobiogeography 

At the beginning of the Pleistocene, the habitat 
communities of Baja California were more mesic 
than those of today. The San Gorgonio Barrier 
still existed. Later in the Pleistocene, when the 
Pacific Ocean and the Gulf of California receded 
as the peninsula presumably rose, and flora com- 
munities became essentially equivalent to those 
of today, a number of Sonoran Desert forms dis- 
persed into the peninsula from around the head 
of the Gulf of California (Fig. 12). These im- 
migrants, including the Colorado River toad (Bufo 


alvarius), flat-tail horned lizard (Phrynosoma 
mcealli), and western shovelnose snake (Chio- 
nactis occipitalis), were able to occupy newly 
formed and vacant riparian (Colorado River) and 
sand-dune (Colorado River delta) habitats. Also 
invading this dune region were the Mojave Des- 
ert species, including the desert horned lizard 
(Phrynosoma platyrhinos), fringe-toed lizard 
(Uma notata), and sidewinder rattlesnake (Cro- 
talus cerastes). The brush lizard (Urosaurus gra- 
ciosus) may also be associated with Mojave Des- 
ert dispersal, although it is not dune-restricted. 
Similarly, a number of Chihuahuan—Mojave des- 
ert-adapted forms dispersed onto the peninsula, 
including the Great Plains toad (Bufo cognatus), 
longnose snake (Rhinocheilus lecontei), and 
checkered garter snake (7hamnophis marci- 
anus). A number of arid-tolerant species dis- 
persed onto the peninsula from the midwestern 
and eastern portions of North America; these 
include Woodhouse’s toad (Bufo woodhousei), 
the leopard frog (Rana aff. pipiens), tree lizard 
(Urosaurus ornatus), and ringneck snake (Dia- 
dophis punctatus), all members of the generalized 
Marginal Species track of distribution (see Table 
2): 
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Dispersal routes of amphibians and reptiles that did not evolve on the Baja California peninsula. These dispersals 


occurred as result of the receding of the Gulf of California and elimination of the San Gorgonio Barrier. 


Completion of the Coast Range Corridor (Pea- 
body and Savage 1958) permitted the invasion 
of northern California forms (Fig. 12). Both oak— 
savanna- and chaparral-adapted elements, in- 
cluding two plethodontid salamanders (Aneides 
lugubris and Ensatina eschscholtzi) and the west- 
ern fence lizard (Sceloporus occidentalis), uti- 
lized the corridor. The montane relicts of the 
Sierra San Pedro Martir and Sierra Juarez, such 
as the sagebrush lizard (Sceloporus graciosus), 
California mountain kingsnake (Lampropeltis 
zonata), and western terrestrial garter snake 
(Thamnophis elegans), are only tentatively in- 
cluded, for they may represent Miocene-—Plio- 
cene invasions from further north. 

With formation of the Coast Range Corridor, 


members of the last major herpetofaunal assem- 
blage, the Holarctic Element, entered (as noted 
by Savage 1960). These recent descendents of 
Asian forms, including the western toad (Bufo 
boreas), red-legged frog (Rana aurora), and the 
western pond turtle (C/emmys marmorata), 
crossed the Bering Land Bridge and subsequently 
dispersed southward along the west coast. 
Formation of the Peninsular Desert in the 
Pleistocene divided and isolated the mesic- 
adapted populations into northern (chaparral) and 
southern (thorn-scrub) units. As a consequence, 
north-south mesophilic sister groups were 
formed, as exemplified by the California striped 
racer (Masticophis lateralis) and Cape striped 
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racer (M. aurigulus); western skink (Eumeces 
skiltonianus) and Cape skink (E. /agunensis); and 
southern alligator lizard (Gerrhonotus multicari- 
natus) and Cape alligator lizard (G. paucicari- 
natus). Moreover, development of the Sonoran 
Desert was probably responsible for the sepa- 
ration of a once-continuous population that is 
now represented by the Vizcaino striped whiptail 
(Cnemidophorus labialis) and the little striped 
whiptail (C. inornatus) from Arizona. 

Savage (1960) proposed that during the Pleis- 
tocene glacial maxima, desert-adapted herpeto- 
faunal elements were forced south into Cape-area 
and Sonora-Sinaloa refugia (Fig. 5d). California- 
district chaparral elements dispersed southward, 
essentially occupying the entire peninsula. Dur- 
ing interglacial periods (Fig. 5e), Sonoran Desert 
elements migrated from a mainland refugium 
around the head of the Gulf of California and 
onto the peninsula and Cape-area desert refu- 
gia forms dispersed northward, reforming the 
Peninsular Desert; chaparral elements were again 
isolated from one another. Savage’s scenario is 
based upon two assumptions: that (1) drastic flo- 
ral changes (expansions and contractions) oc- 
curred, and (2) herpetofaunal displacements were 
concomitant with the floral change. This thesis 
was not adopted by Auffenberg and Milstead 
(1965) or Cole and Van Devender (1976). Al- 
though Van Devender and Mead (1978) con- 
curred with Savage’s first assumption, they and 
the other critics proposed that massive herpe- 
tofaunal dispersals did not occur. 

Additional evidence supporting Auffenberg and 
Milstead’s view that the effects of the Pleistocene 
glaciation did not drastically affect herpetofaunal 
distributions in the southwestern regions of North 
America is based on an analysis of the southern 
peninsular xerophilic herpetofaunal elements. 
Fewer than 12% of the xerophilic species are 
restricted to desert habitats; the rest can survive 
in thorn-scrub environments as well. Further- 
more, Asplund (1967) has shown that both the 
desert iguana and zebratail lizards survive well 
in Cape-area thorn-scrub forests, despite their 
northerly restriction to desert environments. 
These data strongly support the view that if en- 
vironmental changes to the extent that Savage 
proposed did occur, their effects on distribution 
of most of the herpetofaunal elements would have 
been minimal. Moreover, the 12% of the her- 
petofauna apparently restricted to desert envi- 


ronments may be found to be even less, once the 
Sierra de la Giganta has been adequately col- 
lected. 

I will now consider Pleistocene events which 
influenced distribution of the herpetofauna on 
the islands in the Gulf of California. The islands 
of the Angel de la Guarda block, including (north 
to south) Mejia, Angel de la Guarda, Partida 
Norte, Salsipuedes, and San Lorenzo Norte and 
Sur (Fig. 1), belong to the same block that mi- 
grated from the mid-northern peninsular region 
(Fig. 11). Because this island group originated 
from northern Baja California near its current 
location just prior to | MYBP, it should have 
carried with it Pleistocene desert-adapted rep- 
resentatives. Indeed, this conclusion 1s supported 
by the fauna of this island chain (Murphy and 
Ottley, in press). Endemic forms whose ancestors 
probably occurred at mid-peninsula during the 
Pleistocene are found on most of the islands; 
these forms include the banded gecko (Coleonyx 
sp.), Angel leaf-toed gecko (Phyllodactylus an- 
gelensis), zebratail lizard (Calisaurus draco- 
noides), black-collared lizard (Crotaphytus in- 
sularis), desert iguana (Dipsosaurus dorsalis), 
giant chuckwalla (Sauromalus hispidus), side- 
blotched lizard (Uta stansburiana), western 
whiptail (Cnemidophorus tigris), leafnose snake 
(Phyllorhynchus decurtatus), and speckled rattle- 
snake (Crotalus mitchellii). 

Absence of the desert spiny lizard (Sceloporus 
magister) and granite spiny lizard (S. orcutti), 
both of which are widespread throughout the 
peninsula as well as on many other peninsula- 
associated islands, is especially notable. One ex- 
planation is that S. magister invaded the pen- 
insula too recently to have occupied the geo- 
graphic region that formed the island chain, while 
S. orcutti at that time was restricted to more 
mesic peninsular habitats. Neither possibility 
seems likely, considering the ecological associ- 
ations and current distributions of both species 
groups. One or both of these large spiny lizards 
might occur on the islands but not have been 
collected, although it seems unlikely that the con- 
siderable collecting on the islands has not pro- 
duced a single museum specimen. However, the 
desert spiny lizard may indeed occur on Angel 
de la Guarda in very low densities; the late Den- 
nis L. Bostic reported collection of single speci- 
men (J. R. Ottley, Dept. of Biology, Brigham 
Young University, personal communication, 
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1979), although it cannot be located. Another 
possibility is that one, or both, did occur on the 
island at one time, but have become extinct. 

There are no geological data on the age of Islas 
San Pedro Martir, San Pedro Nolasco, and San 
Esteban. It can only be assumed that these is- 
lands are of Pliocene or Pleistocene origin as well 
(Gastil et al., in press). 

The second major Pleistocene effect was the 
creation of land bridges between Gulf islands 
separated from the mainland by an ocean depth 
of less than 130 m, among them Islas San Fran- 
cisco, San Ildefonso, San Marcos, Mejia (from 
Angel de la Guarda), Tibur6én (from Sonora, 
Mexico), Ballena, El Muerto, Espiritu Santo, Par- 
tida Sur, Smith, Danzante, Encantada Grande, 
Carmen, Coronado, San José, Las Animas and 
additional small islands (Fig. 1; see Murphy and 
Ottley, in press). Wilcox (1978) showed a strong 
correlation between species diversity and “‘age”’ 
of the islands; age was estimated by determining 
the minimum channel depth and speculating 
when the land bridges were eliminated as eustatic 
events began (about 14,000 YBP). However, 
many of the island “‘ages”’ are not the same, as 
can be determined from independent calcula- 
tions of age based upon minimum channel depth 
provided by Gastil et al. (in press). Wilcox’s con- 
clusion may be a result of autocorrelation of his 
independent variables as revealed by ridge- 
regression analysis (S. J. Wright and R. W. Mur- 
phy, unpublished data). As originally pointed out 
by Auffenberg and Milstead (1965) and Soulé 
and Sloan (1966), these shallow-water Gulf is- 
lands derived their fauna from the mainland at 
this time of lowered sea level. 

In summary, a number of significant evolu- 
tionary events can be attributed to the Pleisto- 
cene. Most noteworthy are: (1) receding of the 
Gulf of California and elimination of the San 
Gorgonio Barrier; (2) immigration of nonpen- 
insular-evolved species; (3) formation and per- 
sistence of the central Peninsular Desert, with 
resultant formation of north-south sister species; 
(4) unification of the Cape islands and Sierra 
Vizcaino with the peninsula; (5) formation of the 
Angel de la Guarda island chain and speciation 
of the insular herpetofauna; and (6) eustatic low- 
ering of the sea level at times of maximum gla- 
ciation, thereby forming land bridges. Distri- 
butions of the Baja California herpetofauna which 
were present from Miocene and Pliocene times 
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were not significantly affected by Pleistocene gla- 
cial events. 


Holocene 


The major Holocene (historical) physiographic 
events were the formation of three volcanic is- 
lands in the Gulf of California: Rasa, Encantada 
Grande, and Tortuga (Fig. 1; Gastil et al., in 
press), and peninsular volcanic eruptions such as 
those in the Tres Virgines in 1764 (Ives 1962). 

Isla Tortuga, a basaltic lava island on which 
active steam fumaroles have been reported (Dix- 
on 1966), is oceanic, situated in the Gulf of Cal- 
ifornia 63 km east of the mainland and 31 km 
northeast of San Marcos, the nearest island. The 
derivation of the two lizard and three snake 
species on this oceanic island, which never had 
a land connection with the peninsula, must have 
been fortuitous (by rafting or swimming). Case 
(1975) noted the outstanding colonizing ability 
of the side-blotched lizards (Uta); and the granite 
spiny lizard (Sce/oporus orcutti) also appears to 
be a good colonizer, as indicated by its broad 
insular distribution (Murphy, in press). The 
swimming ability of rattlesnakes is well known 
(Cochran 1954; Klauber 1972). Although there 
are no published data, the common kingsnake 
(Lampropeltis getulus) and the night snake (Hyp- 
siglena torquata) both appear to be good swim- 
mers and successful colonizers (Murphy, in press), 
as supported by known insular occurrences 
(Murphy and Ottley, in press). The only “‘sur- 
prise” of the island is taxonomic recognition of 
the Tortuga rattlesnake (Crotalus tortugensis), a 
derivative of C. atrox. Genetic drift resulting from 
the founder effect (Mayr 1963), possibly coupled 
with strong selection pressures, may have formed 
this morphologically unique population. 

The herpetofauna of Isla Rasa consists of two 
lizards, Tinkle’s leaf-toed gecko (Phyllodactylus 
tinklei) and the side-blotched lizard (Uta stans- 
buriana). As with the Tortuga rattlesnake, selec- 
tion pressures and random genetic drift must have 
been very strong to have rapidly formed the dis- 
tinctive morphology of the leaf-toed gecko. In- 
deed, Gorman et al. (1975) showed that even 
though the Adriatic lizards of the family Lacer- 
tidae were isolated on islands during the Pleis- 
tocene lowering of sea level, the individual is- 
land populations could be morphologically 
distinguished from one another, although they 
were scarcely divergent at electrophoretically de- 
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TasLe 4. Genetic Simiarity (J) BETWEEN Cape AREA REPTILES AND THEIR PRESUMED SISTER SPECIES ON THE MEXICAN 


MAINLAND. 


Cape Area Species 


B. canaliculatus 
B. tridactylus 


Bipes biporus 


Sator angustus 
Sator grandaevus 


Phyllodactylus unctus 


Sauromalus australis 


' Converted from Immunological Distance. 


tectable loci. Thus it can be questioned whether 
Tinkle’s leaf-toed gecko or the Tortuga rattle- 
snake have differentiated sufficiently to be rec- 
ognized as distinct species; however, until more 
data on both are available, the nomenclature is 
best left unaltered. 

The foregoing scenario for evolution of the 
Baja California peninsular and insular herpeto- 
fauna necessitates consideration of the region as 
an evolutionary center. The formation of two 
distinct genera, the desert iguana (Dipsosaurus) 
and chuckwalla (Sauromalus)—possibly from the 
green iguana and spinytail iguana, respectively — 
cannot be considered anything less than major 
evolutionary events. The concept of Baja Cali- 
fornia as an evolutionary center strongly contra- 
dicts most previous thinking, which considered 
the region a refugium harboring relict species. 


GENETIC DIVERGENCE OF INSULAR AND 
PENINSULAR POPULATIONS OF BAJA 
CALIFORNIA REPTILES: CORROBORATION 
OF THE SCENARIO 


My scenario for the paleobiogeography of the 
herpetofauna of Baja California reviewed 1n the 
previous section will now be examined using ge- 
netic (electrophoretic) data to discuss concor- 
dances and to bring into conformity possible dis- 
cordances with the predictions. The data base is 
preliminary, reflecting some work in progress, 
although a few published works will be cited. 
Details of the unpublished electrophoretic stud- 
ies, including materials and methods, allele fre- 
quencies, sample size, method of cladistic anal- 
ysis, etc., will be presented in forthcoming works. 
Here it need only be stated that the degrees of 


Mainland Mexico Species 


Sceloporus utiformis — 
P. paucituberculatus 
Ctenosaura hemilopha 


No. of Loci I 
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genetic similarity (/) and genetic distance (D) for 
the pairwise comparisons are based upon sum- 
marization of the electrophoretic data, following 
Nei (1972). The ‘Biochemical Evolutionary 
Clock” (Sarich 1977) will be applied to the gen- 
eralized patterns of genetic differentiation. 


Peninsular Genetic Patterns and the 
Paleobiogeographic Scenario 


Cape Area—Tropical Mainland Mexico 


My paleobiogeographic scenario predicted that 
a number of taxa became isolated on the Cape 
islands as they were formed about 12-14 MYBP 
(Gastil and Jensky 1973). Genetic divergence es- 
timates are available for five pairs of presumed 
sister species that occupy the Cape area of the 
Baja California peninsula and mainland Mexico 
(Table 4). 

1. Bipes.—The mole amphisbaenians, genus 
Bipes, provide a clear example of transgulfian 
vicariance (Murphy 1975). Three species are 
usually recognized in the genus: two are found 
in the states of Michoacan and Guerrero, and the 
third is abundant in the Cape area, Magdalena 
Plains, and southern Vizcaino Desert zones of 
Baja California. The mainland and peninsular 
taxa presumably continue to occupy the same 
geographical regions as in pre-vicariance time 
(Fig. 13). An electrophoretic study by Kim et al. 
(1976) provided an J of 0.47 between the pen- 
insular species B. biporus and its mainland rel- 
atives. 

2. Sator—Sceloporus utiformis.—The genus 
Sator is restricted to three islands in the southern 
Gulf of California: Islas Santa Cruz, San Diego, 
and Cerralvo. The genus is not easily distin- 
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Ficure 13. Distribution of the mole amphisbaenians, ge- 
nus Bipes (after Kim et al. 1976). 


guished from members of the genus Sceloporus, 
and early workers (Dickerson 1919; Schmidt 
1922) suggested that Sator was most closely re- 
lated to Sceloporus utiformis. An immunological 
study by Wyles and Gorman (1978) supports this 
idea. Sceloporus utiformis is widely distributed 
on the west coast of Mexico (Fig. 14). The im- 
munological distance (I.D.) between the species 
pairs was determined to be a minimum of 23 
units. Based upon the correlation of I.D. with D 
(Sarich 1977), it is possible to convert the I.D. 
value into /; the predicted 7 between S. utiformis 
and Sartor is 0.46. 

3. Phyllodactylus unctus—P. paucitubercula- 
tus. — There are approximately 20 species of leaf- 
toed geckos, genus Phyllodactylus, in North 
America, two of them currently recognized on 
the Baja California peninsula. The larger of these, 
P. xanti, occurs throughout the Peninsular 
Ranges; the smaller, P. wnctus, is confined to the 
Cape area. Phyllodactylus unctus lacks enlarged 
scales called tubercles, which is unusual within 
this genus. Recently, a second population of non- 
tuberculate leaf-toed geckos was reported from 
Michoacan, Mexico (Dixon 1969); the overall 
morphological similarity between the two pop- 
ulations led Dixon to refer to the Michoacan 
population to P. wnctus. Murphy and Papenfuss 
(1979) showed that the two “P. unctus” popu- 
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Ficure 14. Distribution of the sator lizards, Sator angus- 
tus (Islas Santa Cruz and San Diego) and S. grandaevus (Isla 
Cerralvo), in the Gulf of California, and their closest relative, 
Sceloporus utiformis, on the mainland of Mexico (after Wyles 
and Gorman 1978). 


lations were not conspecific, and referred the M1- 
choacaén population to a previously described 
species, P. paucituberculatus. Phyllodactylus 
unctus and P. paucituberculatus are considered 
sister species, with an J of 0.41. 

4. Sauromalus—Ctenosaura.— The chuckwal- 
las, genus Sauromalus, are thought to be closely 
related to the spinytail iguanas, Crenosaura (Mit- 
tleman 1942). My paleobiogeographic scenario 
infers that the chuckwallas evolved on the Cape 
islands. An J of 0.42 has been calculated for this 
pair. 

5. Eridiphas—Hysiglena—Leptodeira.—My 
paleobiogeographic scenario infers that the Baja 
California night snake, Eridiphas, became 1so- 
lated from its ancestor as the Cape islands were 
formed. In this case, the ancestor also gave rise 
to both the night snakes, Hypsiglena, and the 
tropical-restricted cat-eyed snakes, Leptodeira. 
The J’s between each pair of these are much 
greater than those for the other presumed sister 
species. The most probable explanation for this 
discordance is that these genera did not diverge 
at the same time as the others. This seems likely 
because (1) the night snakes, Hypsiglena, are con- 
sidered good over-water island colonizers (e.g., 
they occur on Isla Tortuga, an oceanic island); 
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Figure 15. Cladograms depicting the phylogenetic rela- 
tionships of four transpeninsular species groups of lizards: (a) 
granite rock lizards, Sceloporus orcutti complex; (6) desert 
spiny lizards, Sceloporus magister complex; (c) leaf-toed geck- 
os, Phyllodactylus; (da) rock lizards, Petrosaurus. The dotted 
line divides the species north (left) and south (mght) of the 
isthmus north of La Paz. Branches depict the relative amounts 
of genetic evolution as determined cladistically (except be- 
tween the two subspecies of Petrosaurus thalassinus). Numbers 
on the tree branches in 4 are the 2n chromosome numbers 
within populations. 


and (2) the Islas Las Tres Marias, which have 
extant populations of night snakes (McDiarmid 
etal. 1976), were positioned near the Cape around 
5 MYBP (Fig. 9; Gastil and Jensky 1973). 

The /’s for the Cape islands—mainland species 
pairs (Table 4), exclusive of the snakes, are very 
similar to one another, with a mean value of 0.44; 


Taste 5. GENETIC SIMILARITY (J) BETWEEN TRANSPEN- 
INSULAR XEROPHILIC SISTER SPECIES. 


No. 
Northern of 
Southern Species Species Loci I 
Sceloporus hunsakeri S. orcutti 27 0.62 
Sceloporus licki 
Phyllodactylus unctus P. nocticolus Di 0.67 
Phyllodactylus xanti 
Petrosaurus thalassinus P. mearnsi 25 0.75 
Sceloporus zosteromus S. “magister” 28 0.76 
Urosaurus nigricaudus U. lahtelai 20 0.64 
Urosaurus microscutatus 
x = 0.69 
sE = 0.03 


indeed, the standard error of the mean 1s only 
0.02 (N — | weighting). It is not possible to test 
the biogeographic hypothesis that these species 
formed on the Cape islands as the Cape broke 
away from mainland Mexico. The null hypoth- 
esis 1s that the peninsular taxa are more closely 
related to the tropical mainland Mexico sister 
species than to any other group. While a null 
hypothesis can never be proven to be true, I am 
unable to reject it with either Bipes or Sator. 
There are insufficient data with the leaf-toed 
geckos and chuckwallas to test the hypothesis. 


Transpeninsular Xerophilic Species 


Two patterns of transpeninsular non-trans- 
gulfian distribution have been identified: (1) in 
the intra-Cape area and (2) intra-peninsular. Be- 
cause the Baja California peninsula 1s a north- 
south-tending, geographically isolated unit, the 
relationships within four of the five species groups 
are summarized by cladograms (Fig. 15) as well 
as I values (Table 5). Five group comparisons 
are available for analysis. 

1. Sceloporus orcutti complex.—The granite 
spiny lizard complex consists of three species: 
Sceloporus orcutti on the Peninsular Ranges from 
southern California to the Isthmus of La Paz; S. 
licki, a rock-dwelling species in the Cape area; 
and SS. hunsakeri, an arboreal Cape area endemic 
(Fig. 16; Hall and Smith 1979). The two Cape 
species are electrophoretically closer to each oth- 
er, / = 0.72, than either is to S. orcutti, both I’s = 
0.62. Moreover, the cladistic relationships (Fig. 
15a) are concordant with these phenetic values, 
and all taxa appear to have equivalent rates of 
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Ficure 16. 


evolution; i.e., each has an essentially equivalent 
number of derived alleles in proportion to time, 
as determined cladistically (Kluge and Farris 
1969). 

2. Phyllodactylus.—A similar situation was 
found for the leaf-toed geckos. Three species, two 
of which are confined to the Cape area, can be 
biochemically and/or morphologically identi- 
fied. The species on the Peninsular Ranges north 
of the Isthmus of La Paz is Phyllodactylus noc- 
icolus (new combination), previously considered 
a subspecies of P. xanti (Dixon 1964, 1966). 
Phyllodactylus xanti 1s confined to the Cape area, 
where it is sympatric with the smaller, nontu- 
berculate P. unctus (Fig. 17). Electrophoretic data 
indicate great complexity in this group, and per- 


Peninsular distribution of the Sceloporus orcutti complex. Insular populations are not shown. 


haps an uncoupling of morphological and bio- 
chemical evolution. As previously noted, the two 
sympatric, indeed syntopic, Cape area species are 
morphologically very different. However, there 
are no electrophoretic differences between the 
two in more than 25 presumptive gene loci sam- 
pled. Are they species, or could they be morphs, 
analogous to the association of cichlid fishes in 
the Cuatro Ciénegas region of Mexico (Sage and 
Selander 1975)? Both Cape area species have an 
I of 0.67 from the northerly sister species, P. 
nocticolus. The cladogram of the relationships of 
these leaf-toed geckos (Fig. 1 5c) is similar to that 
for the granite spiny lizards (Fig. 15a). 

3. Petrosaurus.—The rock lizards, Petrosau- 
rus, are also xerophilic, Peninsular Ranges species. 
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FiGure 17. 
recorded from any island.) 


The banded rock lizard, P. mearnsi, is recorded 
from southern California to south-central Baja 
California Norte, and the larger, more colorful 
San Lucan rock lizard, P. thalassinus, occurs 
south of this region to the tip of the peninsula. 
The two species occur sympatrically over an ap- 
proximately 50 km region in south-central Baja 
California Norte (Ottley and Murphy 1981), al- 
though only one or the other species strongly 
dominates a given rockpile. The two subspecies 
of the San Lucan rock lizard, P. t. thalassinus in 
the Cape area and P. t¢. repens north of the Isth- 
mus of La Paz, are genetically indistinguishable, 
but both are well differentiated from the banded 
rock lizard, P. mearnsi (Fig. 15d), with an J of 
about 0.75. 


Peninsular distribution of the genus Phyllodactylus and insular populations of P. unctus. (P. xanti has not been 


4. Sceloporus magister complex.—The desert 
spiny lizard complex on the Baja California pen- 
insula was previously recognized as consisting of 
four subspecies, Sceloporus magister uniformis, 
S. m. rufidorsum, S. m. monserratensis, and S. 
m. zosteromus. However, these taxa can be di- 
vided into two major karyological groups (Hall 
1973): S. m. uniformis and S. m. magister have 
a diploid complement (2n) of 26 chromosomes, 
whereas S. m. rufidorsum, S. m. monserratensis, 
and S. m. zosteromus have a 2n of 30. The de- 
rived 2n = 30 character state can be further di- 
vided on the basis of chiasmata frequencies, by 
which the karyotypes of rufidorsum are distin- 
guishable from those of both monserratensis and 
zosteromus, which are identical. These data sug- 
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Distribution of the Sceloporus magister complex in southwestern North America following author’s data and 


William P. Hall (1979, personal communication). The northern limit of S. magister is not shown. 


gest that the races of magister (including unifor- 
mis), zosteromus, and rufidorsum should be rec- 
ognized as distinct species; monserratensis would 
be considered a subspecies of zosteromus (Hall 
1973, and personal communication, 1979). The 
biochemical data support some of Hall’s findings 
(Fig. 155). Sceloporus monserratensis and S. 
rufidorsum are very similar electrophoretically, 
with only a single locus separating them; there 
is no evidence that these two are hybridizing, 
even though the populations biochemically ana- 
lyzed were only 20 km apart. These central pen- 
insular populations have an J of about 0.70 to 
uniformis and I = 0.77 to zosteromus. Thus four 
peninsular species are now tentatively recog- 
nized: S. magister, including the subspecies S. 


m. uniformis; S. rufidorsum; S. monserratensis: 
and S. zosteromus (Fig. 18). 

5. Urosaurus.—The distributions of four Baja 
California species of tree lizards, Urosaurus mi- 
croscutatus, U. nigricaudus, U. lahtelai, and U. 
graciosus, for which I’s have been calculated are 
shown in Figure 19. With the exception of U. 
microscutatus and U. nigricaudus, which I have 
not been able to distinguish electrophoretically, 
all species have J’s of 0.62-0.67 (Table 6). 

As Figure 15 illustrates, there appears to be a 
clear trend. Measured by these methods, the 
southern taxa are genetically closer to one another 
than they are to the more northerly species. In 
my paleobiogeographic scenario, the Cape is- 
lands had a land connection with the remainder 
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of the Peninsular Ranges in the late Miocene or 
early Pliocene; more precise dating has not been 
determined by geologic methods. Biochemical 
data support the concept of an early Cape is- 
lands—peninsula connection that was subse- 
quently obliterated, which would account for the 
Peninsular Ranges-restricted and/or -associated 
species. 


Transpeninsular Mesophilic Species 


My paleobiogeographic scenario inferred per- 
sistence of the mid-peninsula desert at low ele- 
vations during maximum glaciation. If the desert 
did persist, mesophilic reptiles and amphibians 
would have been restricted to the relatively mesic 
regions of the peninsula, particularly the Cape 
area and northern Peninsular Range. The gap in 


Distribution of four species of Urosaurus restricted to western North America. 


the range would have occurred around the time 
of the Pliocene—Pleistocene boundary, about 2 
MYBP. Data are available from a single pair of 
sibling species: the striped racer snake (Masti- 
cophis lateralis) found in the mesic regions of 
Baja California, and the San Lucan racer (M. 
aurigulus), which is confined to the Cape area 
(Table 2). The J of about 0.89 concords with my 
scenario, considering that species of snakes dis- 
tributed throughout the peninsula have /’s of 
about 0.97 between local populations from the 
Cape and southern California. It is important, 
however, to examine other mesic species pairs, 
such as Gerrhonotus paucicarinatus—G. multi- 
carinatus and Eumeces lagunensis—E. skiltoni- 
anus, to further test this hypothesis. 
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East-West Xerophilic Species 


The occurrence of multiple xeric-adapted 
species pairs on the east and west sides of the 
head of the Gulf of California was considered as 
evidence for formation of the San Gorgonio Bar- 
rier, which was presumed to have occurred 
around the Miocene—Pliocene boundary, about 
5 MYBP. Three electrophoretic pair compari- 
sons have been made. 

1. Crotaphytus insularis—C. collaris.—The 
collared lizards, Crotaphytus, have previously 
been studied electrophoretically (Montanucci et 
al. 1975). Calculation of genetic similarity gives 
an average / of about 0.85 between the Baja Cal- 
ifornia species, the black-collared lizard, C. in- 
sularis, and the western subspecies, C. collaris. 

2. Crotalus atrox—C. ruber.—An I of 0.81 was 
derived from a study of the genetic differentia- 
tion between the red diamond rattlesnake of Baja 
California, Crotalus ruber, and its more easterly 
sibling, the western diamondback rattlesnake, C. 
atrox. 

3. Sceloporus magister—S. rufidorsum.—The 
geographic distribution and genetic relationships 
of the desert spiny lizards were previously out- 
lined. It is possible that the maintenance of ge- 
netic homogeneity between Sceloporus rufidor- 
sumand S. magister resulted at least in part from 
the effects of the San Gorgonio Barrier. The / 
between these two lizards 1s about 0.75. 

These three geminate species pairs have /’s 
that appear concordant with my paleobiogeo- 
graphic scenario. The average value of J = 0.81 
(standard error of se = 0.04) indicates that a 
number of genetic changes have occurred in these 
populations and that there is no current genetic 
exchange between these species pairs. 


East-West Mesophilic Species 


The San Gorgonio Barrier would have pre- 
vented gene exchange between xerophilic taxa, 
but not mesophilic populations, if there was a 
terrestrial connection between the peninsula and 
what is now southern California. If gene flow was 
not interrupted for some taxa, mesic-adapted taxa 
isolated on either side of the Gulf of California 
should show very little genetic divergence. One 
snake and one lizard species have been investi- 
gated to date. 

1. Ctenosaura hemilopha.—The spinytail 
iguana, Ctenosaura hemilopha, occurs on the Baja 
California peninsula from about Loreto south, 
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TABLE 6. GENETIC SIMILARITY (J) VALUES BETWEEN Four 
BAJA CALIFORNIA SPECIES OF TREE LizARDS, GENUS Uno: 
BASED ON AN ANALYSIS OF 21 PRESUMPTIVE GENE Locl. 


1ORUS, 


U. nigri- 

caudus U. graciosus U. lahtelai 
U. microscutatus 0.90 0.67 0.62 
U. nigricaudus 0.65 0.67 
U. graciosus 0.65 


and on the Mexican mainland from central So- 
nora south to central Sinaloa. There is no sig- 
nificant difference between the two populations, 
although this may be the result of human activ- 
ity. My paleobiogeographic scenario assumed that 
the chuckwallas, Sauromalus, were derived from 
the spinytail iguanas, yet the two occur sym- 
patrically in Baja California. Another species of 
spinytail iguana, C. similis, is heavily exploited 
in some parts of its range, where it is a common 
source of meat (Fitch and Henderson 1978). It 
seems probable that a similar situation once ex- 
isted with C. hemilopha. Mocquard (1899) re- 
ported that the lizard was commonly eaten by 
natives. The Indians who inhabited Baja Cali- 
fornia may have utilized C. hemilopha as a food 
item and brought it to the peninsula for this pur- 
pose. Thus caution should be exercised in inter- 
preting these data. 

2. Lichanura trivirgata.—The rosy boa, Li- 
chanura trivirgata, 1s represented by three sub- 
species, L. ¢t. trivirgata, L. t. gracia, and L. t. 
roseofusca (Ottley, Murphy and Smith 1980) (Fig. 
20). Lichanura t. trivirgata 1s biochemically dis- 
tinguishable from both L. ¢. gracia and L. t. ro- 
seofusca and is represented by two disjunct pop- 
ulations, one on either side of the Gulf of 
California, which cannot be distinguished from 
one another electrophoretically. As with the 
spinytail iguanas, the rosy boas do not provide 
clearcut evidence. The Sonora population may 
very well represent more recent colonization, 
perhaps in association with the milder winters 
at times of maximum glaciation. 

Although these data suggest that some taxa 
were not affected by formation of the San Gor- 
gonio Barrier, caution must be exercised in in- 
terpretation, because of the aforementioned vari- 
ables and possibilities. Additional comparisons 
are necessary before any conclusions can be 
drawn. 
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Ficure 20. Distribution of the rosy boas, genus Lichanura. 


Insular Genetic Patterns and the 
Paleobiogeographic Scenario 


Genetic differentiation patterns of the penin- 
sular populations establish a new data base for 
considering evolutionary and taxonomic rela- 
tionships of the insular herpetofauna. For in- 
stance, the evolutionary relationships of the leaf- 
toed geckos, Phyllodactylus, and the spiny 
lizards, Sceloporus, are in need of review. Fur- 
thermore, the data necessitate reexamination of 
ecological scenarios such as the ones developed 
by Taylor and Regal (1978) and Seib (1980). Be- 
fore meaningful conclusions can be drawn, how- 
ever, we must examine in detail the patterns of 
genetic differentiation in the reptiles on the is- 
lands in the Gulf of California. 


Electrophoretic data for over 30 Gulf island— 
peninsula species comparisons fall into four cat- 
egories: (1) those for land-bridge islands, includ- 
ing Danzante, Espiritu Santo, and San Marcos; 
(2) old islands of continental origin, the Angel 
de la Guarda block and associated islands; (3) 
an island of Pliocene—Pleistocene oceanic origin, 
Isla Monserrate; and (4) an old island of ques- 
tionable origin and age, Isla Santa Catalina. 

Concepts such as the levels of genetic vari- 
ability of insular populations, the relict hypoth- 
esis (Brown 1957), the relationship of genetic 
differentiation to morphological evolution, and 
rates of evolution can be analyzed from the ge- 
netic data, and, significantly, phylogenetic rela- 
tionships of the Gulf reptiles can be examined. 
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TABLE 7. 

Taxon No. of Loci 
Sauromalus sp. 26 
Cnemidophorus tigris 24 
Diposaurus dorsalis 32 
Phyllodactylus nocticolus 28 
Phyllorhynchus decurtatus 29 
Hypsiglena torquata 30 
Trimorphodon biscutatus 30 
Coleonyx variegatus 37 
Sceloporus zosteromus 28 

x= 
Se 


These various facets of evolution will only be 
briefly touched upon here—and only in the con- 
text of the paleobiogeographic origin and rela- 
tionships of the insular reptiles. 


Land-Bridge Islands 


As noted by Soulé and Sloan (1966) and Wil- 
cox (1978), islands in the Gulf of California sep- 
arated from a mainland source by a channel depth 
of less than 130 m (Fig. 1) probably had a ter- 
restrial connection with the mainland at times 
of maximum glaciation; the land bridges were 
terminated about 14,000-6,000 YBP. Consider- 
ing their relatively recent age, little, ifany, genetic 
differentiation would be expected. Therefore, the 
I’s should be close to 1.00. 

The island—peninsular species comparisons for 
Islas San Marcos, Danzante, and Espiritu Santo 
are given in Table 7. Out of 14 comparisons, 
unique alleles were detected for only 2 popula- 
tions: the whiptail lizard (Cnemidophorus tigris) 
on Isla San Marcos and the chuckwalla (Sauro- 
malus ater) on Isla Espiritu Santo. In the whiptail 
comparison, the discrepancy of a single unique 
allele in the island population is not surprising 
considering that this species has the highest level 
of genetic variability detected in any species of 
reptile examined to date (Gorman et al. 1977; 
Murphy, unpub. data). The chuckwalla compar- 
ison 1s not fully resolved. No genetic compari- 
sons were made between the Cape area popu- 
lation of Sauromalus and that on Isla Espiritu 
Santo; the nearest available population sampled 
was from about 60 km north of the Isthmus of 
La Paz. It is possible that the Cape area popu- 
lation (Shaw 1945) is identical to that on Islas 
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GENETIC SIMILARITY (J) BETWEEN THREE LAND-BrIDGE ISLANDS AND THE ADJACENT PENINSULA. 


Danzante San Marcos Espiritu Santo 
0.99 0.99 0.92 
0.95 0.95 _ 

_ 0.96 0.98 
0.99 0.99 _ 
_ 0.98 _ 
0.98 0.97 - 
- 0.99 — 
_ 1.00 -- 
- = 0.94 
0.98 0.98 0.95 
0.01 0.01 0.02 


Espiritu Santo and Partida Sur and represents a 
discrete taxon. 

It should be pointed out that in most instances 
of comparison, the standard error (se) of D, a log 
transformation of /, is larger than the D itself; 
and in all instances, two standard errors are larger 
than the genetic distance value. The se of D is 
used for statistical purposes, because there is no 
established method for determining the se of J; 
thus neither the D’s nor /’s differ significantly 
from zero. These data concord with the assump- 
tions of my paleobiogeographic scenario and with 
population genetics theory and what we know 
about mutation rates. 


Old Islands 


The herpetofauna representative of five old 
islands, four of which are thought to be of con- 
tinental origin, were examined. Seven compari- 
sons were made for Isla Monserrate, and six for 
Angel de la Guarda and associated islands. My 
paleobiogeographic scenario presumes that the 
former is much older than the latter. 

1. Isla Monserrate.— The precise geologic age 
of Isla Monserrate, a southern island in the Gulf 
of California (Fig. 1), is somewhat uncertain. It 
is composed of Miocene and younger volcanic 
and middle Pliocene marine rock overlaid in areas 
by early Pleistocene gravels. It was volcanically 
active during the Pleistocene, and perhaps as re- 
cently as several thousand years ago (G. A. An- 
derson 1950). An oceanic island formed from 
the uplifting of the ocean floor; it may never have 
had a terrestrial connection with the peninsula 
(contrary to Wilcox 1980), because the minimum 
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TABLE 8. 
IsLA MONSERRATE AND THE ADJACENT PENINSULA. 


GENETIC SIMILARITY (J) BETWEEN REPTILES ON 


No. 
of 
Isla Monserrate Peninsula Rock 

Phyllodactylus nocticolus P. nocticolus 28 0.97 
Uta stansburiana U. stansburiana yi (aS) 
Sceloporus monserratensis |S. monserratensis 28 0.93 
Sauromalus slevini S. australus 26 0.87 
Chilomeniscus cinctus C. cinctus 31 0.87 
Phyllorhynchus decurtatus — P. decurtatus 29 0.98! 
Crotalus ruber C. ruber 36 «60.99 
x= 0.91 
sE = 0.03 


' From Murphy and Ottley (1980). 


channel depth is about 160 m (Gastil et al., in 
press). 

Island—peninsula comparisons have been made 
for four pairs of lizards and three pairs of snakes: 
Uta cf. stansburiana, Sceloporus monserratensis, 
Sauromalus sp., Phyllodactylus nocticolus, Chi- 
lomeniscus cinctus, Phyllorhynchus decurtatus 
(Murphy and Ottley 1980), and Crotalus ruber 
(Table 8). The average / of 0.91, with a standard 
error of 0.03, 1s considered conservative, because 
if Isla Monserrate was of oceanic origin the ex- 
tant herpetofauna would have of necessity ar- 
rived by over-water colonization, and not all col- 
onists would have arrived at the same time. Three 
of the taxa on Isla Monserrate, the red diamond 
rattlesnake (Crotalus ruber), leafnose snake 
(Phyllorhynchus decurtatus), and leaf-toed gecko 
(Phyllodactylus nocticolus), have much lower 
values of / than the remaining pairs (Table 8). 
Rattlesnakes are known to be good over-water 
colonizers (Klauber 1956, 1972), and so are leaf- 
toed geckos as evidenced by their presence on 
Islas Farallon and Rasa, volcanic oceanic islands 
in the Gulf of California (Murphy and Ottley, in 
press). I assume that the leafnose snake is also 
capable of over-water dispersal (Murphy, in 
press). Moreover, the /’s for the pairs of leaf- 
toed geckos, red diamond rattlesnakes, and leaf- 
nose snakes (Table 8) are typical for reptile pop- 
ulations on land-bridge islands (Table 7). The 
average /, then, based only upon the remaining 
four pairwise comparisons, is 0.86 + 0.04; this 
probably more accurately reflects the expected 
level of genetic differentiation. The data support 
consideration of Isla Monserrate as an old or 
oceanic island and not a land-bridge island. 


2. Angel de la Guarda and associated is- 
lands.— The Angel de la Guarda block is thought 
to have been formed sometime prior to 1 MYBP 
from the Baja California peninsula (Moore 1973). 
Reptiles inhabiting these islands would not be 
expected to have undergone a significant degree 
of genetic differentiation except through the ran- 
dom fixation of rare alleles. Data are available 
for the chuckwallas (Sauromalus) and the side- 
blotched lizards (Uta) (Table 9). I am indebted 
to Dr. Michael Soulé for permission to report 
portions of his unpublished data on northern 
populations of Uta. 

Of the four available comparisons, only the 
Uta population from Isla Rasa and the chuck- 
walla, Sauromalus hispidus, population from Isla 
Smith have any notable degree of genetic differ- 
entiation, but these /’s are high. Because of the 
relatively high standard error of the respective 
D’s, the values are not considered significant, but 
it seems noteworthy that the genetic differentia- 
tion between U. antiqua of San Lorenzo Sur and 
peninsular populations of U. stansburiana is 
equivalent to that found for land-bridge islands 
(Table 7). This is another case of the apparent 
uncoupling of genetic and morphological evo- 
lution. 


Summary 


There are a number of concordances between 
the patterns of genetic differentiation and my 
paleobiogeographic scenario. An accurate test of 
the scenario would require the construction of 
cladograms for multiple species groups. Those 
that have been constructed (Fig. 15) seem to con- 
cord with that part of the vicariance scenario 
which hypothesized the connection of the Cape 
islands with the peninsula and the existence of 
two major islands composing the Cape islands 
(Fig. 9). My hypothesis that the Cape islands 
were responsible for the formation of a number 
of distinctive taxonomic forms, as they broke 
away from the mainland, has some corrobora- 
tion. For instance, Wyles and Gorman (1978) 
suggested that Sator angustus and S. grandaevus 
formed a terminal node with Sceloporus utifor- 
mis; and there can be little doubt about the re- 
lationship of the transgulfian mole amphisbae- 
nians, genus Bipes. Finally, Mittleman (1942) 


stated that Crenosaura, the genus of the spinytail — 


iguana, was most closely related to the chuck- 
walla genus Sauromalus; the splitting of these 


| 
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TaBLe 9. GENETIC SIMILARITY (J) BETWEEN HERPETOFAUNA ON THE ANGEL DE LA GUARDA ISLAND BLOCK AND THE PENINSULA. 


Island Island Taxon 


Angel de la Guarda Uta stansburiana 


Rasa Uta stansburiana 
San Lorenzo Sur Uta antiqua 
Smith* Sauromalus hispidus 


' Data from Dr. Michael Soulé (personal communication). 
> J is to Isla Angel de la Guarda. 
3 7 = 1.00 to Isla San Esteban. 


Peninsula Taxon No. of Loci I 

U. stansburiana 16! 0.98 
U. stansburiana 16! 0.91° 
U. stansburiana 16! 0.98 
S. obesus 26 0.92 


4 Tt is assumed that the Isla Smith population was derived from the Angel de la Guarda block as the result of Indian activity. 


genera forms a terminal node in the proposed 
phylogeny. This phylogeny, however, is not based 
upon cladistic principles, and other researchers, 
such as Avery and Tanner (1971), propose al- 
ternative trees also based upon phenetic analyses 
and also are not phylogenetic. 

The relative degree of genetic differentiation 
between pairs of species on the various islands 
also seems concordant with my paleobiogeo- 
graphic scenario and concepts of evolutionary 
population genetics. Populations on older islands 
seem to have less genetic similarity with their 
presumed sister species on the peninsula than do 
populations on younger islands. 

The patterns of genetic divergence of the Baja 
California herpetofauna correlate with five ma- 
jor tracks of distribution. The Transpeninsular 
Xerophilic Species track seems to have either one 
species which extends throughout the peninsula 
and exhibits little or no genetic differentiation, 
or species groups with north-south species dis- 
tribution whose pairs appear to have essentially 
equivalent genetic divergence. The Transpenin- 
sular Mesophilic Species track has species with 
less genetic change than the xerophilic forms. 
Members of the Southern Species track are, for 
the most part, sister species to those on one of 
the above tracks. Little significant biogeographic 
information can be gained from intrapeninsular 
genetic data from Ubiquitous Species and Mar- 
ginal Species track taxa. 

One theme continues to appear in the com- 
parisons. Species belonging to the same gener- 
alized track and with similar patterns of phylo- 
genetic relationships have essentially equivalent 
amounts of genetic differentiation—i.e., similar 
values of /. Because of this pattern, it seems ap- 
propriate to examine these findings in light of 
the Biochemical Evolutionary Clock Hypothesis 
as applied to electrophoretically derived allo- 
zyme data (Sarich 1977). 


The “Clock” and the Paleobiogeographic 
Scenario 


There has been substantial support for the con- 
cept of a Biochemical Evolutionary Clock (e.g., 
Wilson et al. 1977; Vawter et al. 1980). This is 
a stochastic measurement, providing estimates 
of times of divergence among genetically isolated 
populations, rather than an accurate chronom- 
eter. The clock has been applied to multi-locus 
electrophoretic studies in which genetic distance 
(D; Nei 1972) may be calculated, and to studies 
of albumin immunological distance (I.D.; Sarich 
1969) in which divergence at a presumptive locus 
may be measured. Sarich (1977) demonstrated 
that these two units of measure are highly cor- 
related. Because I.D. is presumed to be highly 
correlated with geologic time (Maxson et al. 
1975), it is assumed that D 1s also highly cor- 
related. 

The existence and/or general applicability of 
the clock have recently been challenged (e.g., 
Throckmorton 1978; Farris 1981). Most of the 
criticisms are centered on its stochastic nature, 
the nonmetric qualities of D, and assumptions 
of clustering techniques. As Farris (1981:22) 
notes: “The nonmetricity of Nei’s distance shows 
that there never was an electrophoretic clock, at 
least one precise enough to show kinship direct- 
ly.” [concur with Farris that a matrix of D values 
cannot be clustered in infer divergence times and 
thus kinship within taxonomic groups, because 
of both the nonmetricity of D and the violation 
of geometric laws inherent in the clustering of 
distance matrices and/or similarity coefficients. 
There is, however, one valuable application of 
the clock which is not dependent upon clustering 


techniques. 

Multiple pairwise comparisons will yield av- 
erage values of genetic differentiation between 
sister species in separated, or once separated, 
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geographic regions, and thus this method has great 
potential as a biogeographic tool. Because the 
genetic distance data are not clustered, the non- 
metric attributes of D are of no consequence; in 
this application, D is only a relative measure of 
genetic divergence. Moreover, the use of multi- 
ple geminate species pairs will minimize the vari- 
ation in observed D’s that results from the sto- 
chastic acquisition of new genetic information 
(alleles). Vawter et al. (1980) used this technique 
to examine genetic differentiation between pop- 
ulations of fishes from the eastern Pacific and 
western Atlantic (Caribbean) oceans. They found 
that sister species (including allopatric popula- 
tions of the same species) from either side of the 
Isthmus of Panama had essentially equivalent 
levels of genetic differentiation. Calibration of 
their clock, however, was based on the correla- 
tion between I.D. and D (Sarich 1977), which 
equates a D of 1.0 with 18.9 MY of separation. 
Because I.D. 1s correlated with geologic dates and 
Dis correlated with I.D., it follows that D is also 
strongly correlated with geologic divergence. 
However, Sarich’s (1977) plot of the relationship 
between I.D. and D (his fig. 1, p. 25) shows a 
fair amount of variation around the regression 
line. It is impossible to determine from the cor- 
relation between I.D. and D just how much vari- 
ation exists between D and geologic time. It is 
far preferable to calibrate such a D-based clock 
by directly correlating D’s with geologic dates. 
For a biochemical clock to work two major 
assumptions must be made. (1) There must have 
been a vicariance event resulting in the forma- 
tion of two or more populations with effectively 
equal numbers of individuals in terms of theo- 
retical population genetics. New populations 
formed through dispersal of only a few individ- 
uals will show founder effects (Mayr 1963), which 
will distort the relative degree of genetic diver- 
gence between two geminate populations. (2) The 
habitats of the two new populations must be es- 
sentially equivalent, or at least diverge at parallel 
rates. If they diverge at unequal rates, natural 
selection could, and probably would, result in 
unequal rates of fixation of new or rare alleles, 
thereby distorting the amount of genetic differ- 
entiation between geminate species and making 
meaningful interpretation impossible. In other 
words, the two once-continuous populations must 
have undergone essentially equivalent amounts 


of genetic change since the vicariance event, thus 
acquiring the same number of new alleles or 
character states. Unfortunately, most clock ap- 
plications of electrophoretic data do not meet, 
consider, nor even acknowledge these assump- 
tions, and there are probably very few geographic 
areas where this method of data anlaysis can be 
properly used. 

These assumptions do seem to be probable for 
the species pairs that I have examined. There- 
fore the clock 1s applied in this study on a very 
limited basis. Multiple species pairs are used to 
corroborate hypothesized vicariance events and 
estimate the time of formation (or colonization) 
of an island of unknown age, Isla Santa Catalina. 
The clock first needs to be calibrated. For three 
transgulfian lizard pairs and one amphisbaenian 
species pair, the mean value of J converts to an 
average D of 0.82. As it is thought that the Cape 
islands were formed in the middle Miocene, about 
12-14 MYBP (Gastil and Jensky 1973), I con- 
sider a D of 0.82 equal to 13 MY of divergence. 
Each D of 1.00 equals roughly 16 MY of sepa- 
ration. 

Table 10 summarizes the available electro- 
phoretic data on estimated times of divergence 
(ETD) for five hypothesized vicariance events. 
The concordance between the ETD’s and the 
geologic times of divergence (GTD) is excep- 
tional; linear regression analysis yields a corre- 
lation coefficient of r = 0.98 between them, which 
is highly significant (P < .001). Genetic data for 
the Angel de la Guarda block (Table 9) are ex- 
cluded from the clock analysis, as only a single 
pair comparison is available for any given island 
and because of the relatively few presumptive 
gene loci scored for the side-blotched lizards 
(Uta). 

This method of applying clock theory seems 
to provide a valuable, highly predictive, and cor- 
roborative tool for paleobiogeographical analy- 
SiS. 


Santa Catalina, an Island of 
Questionable Age 


Both the precise locality of its continental or- 
igin and the age of Isla Santa Catalina (Fig. 1) 
are somewhat uncertain. My paleobiogeographic 
scenario infers from the geologic evidence that 
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Tasie 10. Estimatep Times oF DiverGeNcE (ETD) OF THE SisTER Species Pairs COMPARED TO THE GEOLOGIC TIMES OF 
DiverGence (GTD). Divergence times are expressed in millions of years before present (MYBP). 


No. of ERD == Wse GTD 

Vicariance Comparison Sp. Pairs Mean J + | sE (MY BP) (MYBP) 
Trans-Gulf of California 4 0.44 + 0.02 ISS OG 12-14! 
Transpeninsular Xerophilic 5 0.69 + 0.03 oy) a2 (0).7/ Late Miocene 
East-West Xerophilic 3 0.81 + 0.04 3.0 + 0.5 Early Pliocene 
Land-Bridge Islands 

Danzante 4 0.98 + 0.01 0.4 + 0.2 0.01 

San Marcos 8 0.98 + 0.01 (0).3) ae (0,3! 0.01 

Espiritu Santo 3 0.95 + 0.02 0.9 + 0.3 0.01 
Old Island 

Monserrate 7 0.91 + 0.03 leo) Se (0)-5) Pleistocene 


'GTD used for calibration of the Biochemical Evolutionary Clock. 


this granitic island became separated from the 
peninsula after formation of the proto-Gulf of 
California some 5-6 MYBP. The composition 
of the herpetofauna suggests that this occurred 
after initial formation of the continuum between 
the Cape islands and the peninsula, but long 
enough ago for the island species to substantially 
differentiate from the source populations. 
Comparisons were made between Santa Cat- 
alina Island and adjacent peninsular populations 
of Uta, Sceloporus cf. monserratensis, Sauro- 
malus, Cnemidophorus cf. tigris, Dipsosaurus, 
Phyllodactylus cf. nocticolus, Hypsiglena, and 
Crotalus cf. ruber, and also with populations on 
nearby Isla Monserrate (Table 11), yielding an 
average ETD of 2.51 + 0.53 MYBP. As with the 


TABLE 11. 


Isla Monserrate—peninsula comparison, this es- 
timate is considered conservative because it 
includes the low /’s for two pairs of good over- 
water colonizers, rattlesnakes (Crotalus catali- 
nensis and C. ruber) and the leaf-toed geckos 
(Phyllodactylus bugastrolepis and P. nocticolus). 
Indeed, the / for the geckos (Table 11) is typical 
for populations on land-bridge islands (Table 7), 
and a very low level of heterozygosity in the 
Santa Catalina population suggests over-water 
colonization. Elimination of these two taxa from 
the calculations results in an average / of 0.82, 
which converts to an ETD of 3.1 MY. 

This estimate of time of divergence for the 
Santa Catalina herpetofauna is higher than that 
for Isla Monserrate (ETD = 2.4 MYBP). Empir- 


GENETIC SIMILARITY (J) AND EstTiIMATED TiMES OF DIVERGENCE (ETD) IN MILLIONS OF YEARS BETWEEN REPTILE 


POPULATIONS ON SANTA CATALINA AND THE PENINSULA, AND ISLA MONSERRATE AND ISLA SANTA CATALINA. 


If 
Monserrate Santa 
Taxon Vs. Catalina 
Santa VS. No. of 
Santa Catalina Monserrate Peninsula Catalina Peninsula Loci 
Phyllodactylus bugastrolepis P. nocticolus P. nocticolus 0.98 0.98 28 
Dipsosaurus dorsalis D. dorsalis 0.87 31 
Uta squamata U. stansburiana U. stansburiana 0.76 0.75 27 
Sauromalus klauberi S. slevini S. australis 0.90 0.81 26 
Sceloporus lineatulus S. monserratensis S. monserratensis 0.85 0.88 28 
Cnemidophorus catalinensis C. tigris 0.80 24 
Hypsiglena catalinae H. torquata 0.83 29 
Crotalus catalinensis C. ruber C. ruber 0.94 0.94 36 
ETD X= 2.0 1.60 
SE= 0.8 0.64 
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ical analysis of the data seems to support an es- 
timate of equivalent ages for the two islands, and 
the /’s calculated for Uta from both islands to 
the mainland are identical (Tables 8 and 11). But 
surprisingly, the population of Ufa on Monser- 
rate was found to be morphologically identical 
to that of the peninsula (Ballinger and Tinkle 
1972). Both island populations have an equiv- 
alent number of derived alleles, but they are not 
shared. These findings suggest separate coloni- 
zations; the Santa Catalina population was not 
derived from Isla Monserrate, nor vice versa. 
This also appears to be true for the lizards of the 
Sceloporus magister complex, but not for the 
chuckwallas. The chuckwallas share a unique, 
derived allele at a single locus, suggesting that 
the common ancestor differentiated in isolation 
on an island and not on the peninsula. However, 
it cannot be determined which of these two is- 
lands contained the parent population. 

Although the leaf-toed gecko population on 
Santa Catalina has not differentiated biochemi- 
cally from peninsular populations of Phyllodac- 
tylus nocticolus, 1t has a karyotype that can be 
considered derived (Murphy, in preparation) and 
may be unique for North American leaf-toed 
geckos. The karyotype of P. nocticolus, the clos- 
est relative of P. bugastrolepis, consists of a dip- 
loid complement of 38 acrocentric chromosomes 
in a graded series. The karyotype of P. bugas- 
trolepis 1s identical in having a 2n of 38, but 
differs in the occurrence of two pairs of meta- 
centrics (Fig. 21). Apparently, the Isla Santa Cat- 
alina population has undergone pericentric 1n- 
versions at two pairs of chromosomes. Findings 
on the Islas Espiritu Santo and Cerralvo popu- 
lations of Cnemidophorus hyperthrus and C. ce- 
ralbensis, respectively (Robinson 1973), are 
analogous. 

Similarly, the rattleless rattlesnake (Crotalus 
catalinensis) is not electrophoretically well dif- 
ferentiated from the red diamond rattlesnake (C. 
ruber), with only one unique allele at a single 
locus. But besides the absence of a rattle matrix, 
C. catalinensis is much slimmer than most other 
species of Crotalus and behaviorally appears to 
be unique both in being very agile, with relatively 
rapid locomotion, and in its tendency to climb 
bushes, attaining heights of over 1 m. These at- 
tributes, when combined with the allozyme ob- 
servations, provide yet another example of the 


apparent uncoupling of relative rates of evolu- 
tion. 

If Monserrate and Santa Catalina are essen- 
tially equivalent in age, is Santa Catalina also an 
oceanic island? Three sources of information, two 
biological and one geological, suggest that it is 
of continental origin. First, the presence of the 
fossorial Santa Catalina island blind snake (Lep- 
totyphlops humilis levitoni) suggests that the is- 
land was once connected to either the Baja Cal- 
ifornia peninsula or mainland Mexico (Murphy 
1975), although the herpetofaunal assemblage 
suggests that the connection was with the pen- 
insula. Second, the higher level of endemism may 
indicate greater antiquity of the reptile popula- 
tion on Isla Santa Catalina. Indeed, this would 
be expected if Santa Catalina is of continental 
origin whereas Monserrate is oceanic. As pre- 
viously noted, there seems to be an uncoupling 
of the rates of morphological evolution from time. 
Santa Catalina is primarily granitic in geologic 
composition, and 1s probably related (along with 
Islas San Diego, Santa Cruz, and Cerralvo) to the 
granitic rocks that compose the southern tip of 
the peninsula (G. A. Anderson 1950:43). No ex- 
tensive marine beds have been reported. Santa 
Catalina may once have been submerged beneath 
the Gulf, but there does not seem to be any geo- 
logic evidence of this; it seems far more likely 
that this island is of continental origin. 


SUMMARY 


Biochemical data for various vicariance events 
and for land-bridge and old islands were ana- 
lyzed in relation to my paleobiogeographic sce- 
nario. I found relatively older vicariance events 
associated with species pairs having relatively 
lower values of genetic similarity. My scenario, 
like the population genetics theory, assumes that 
no significant genetic differentiation should have 
occurred between land-bridge islands and the 
peninsula, as long as natural selection was not 
rapidly changing gene frequencies. 

My scenario also presumes that little genetic 
differentiation should have occurred in reptiles 
on islands of the Angel de la Guarda block, and 
that the genetically most distinctive populations 
should be found on southern old islands. These 
suppositions proved concordant with the bio- 
chemical findings. Two genera of lizards on the 
midriff islands were examined. The side-blotched | 
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lizards (Uta) were found to be very similar to 
mainland populations (M. Soulé, unpublished 
data), and was the giant chuckwalla (Sauromalus 
hispidus). In contrast, the reptiles on Monserrate, 
a southern, old island of continental origin, were 
well differentiated biochemically, with an ETD 
of about 2 MYBP. Allozyme data provide strong 
evidence that Monserrate should be considered 
an old island, and not a land-bridge island as 
Wilcox (1978) reported. 

Biochemical techniques were used to deter- 
mine the geologic age of Isla Santa Catalina. Al- 
lozyme data suggest that Santa Catalina is about 
the same age as Monserrate, but only for the 
chuckwallas was a population on one island 
probably derived from the other, though direc- 
tion could not be determined. In addition, the 
leaf-toed gecko population on Santa Catalina is 
karyotypically unique, even though it is electro- 
phoretically identical with the peninsular pop- 
ulation. 

There was an apparent uncoupling of genetic 
and morphological rates of evolution in some 
cases—e.g., the two Cape area leaf-toed geckos 
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Karyotype of Phyllodactylus bugastrolepis from Isla Santa Catalina. Note the two pairs of metacentric chro- 


and some Gulf islands species are morphologi- 
cally very different, yet biochemically identical. 

Large species of widely distributed lizards oc- 
cur on the northern midriff islands, while rela- 
tively smaller sister species occur further south. 
The larger body size and unique squamation of 
northern insular populations of Ura led Ballinger 
and Tinkle (1972) to propose that certain midriff 
islands harbor relict populations of “primitive” 
side-blotched lizards, but the electrophoretic data 
are not concordant with their morphological 
findings or hence with their conclusion. One of 
the populations most genetically differentiated is 
morphologically indistinguishable from the ad- 
jacent peninsular population at the subspecific 
level. Conversely, some of the morphologically 
“primitive” and distinctive insular species are 
biochemically indistinguishable from peninsular 
populations. The genetic data are concordant with 
my paleobiogeographic scenario and the history 
of the peninsula, but not, in this instance, with 
morphology. 

An analogous situation occurs with the chuck- 
wallas (Sauromalus). Morphologically, the most 
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derived and largest species, S. hispidus and S. 
varius, are found on the midriff islands (Murphy 
and Ottley, in press). These northern populations 
have been accorded specific status, but their 
southern sister species have not (e.g., see Soulé 
and Sloan 1966). It is ironic that the genetically 
most distinctive populations are found on the 
southern islands of Santa Catalina and Monser- 
rate, where the lizards exhibit the least amount 
of morphological divergence from the peninsular 
population, and the morphologically most dis- 
tinctive populations are on the northern islands, 
where a lesser amount of genetic divergence 1s 
detected. Again, the genetic data are concordant 
with the geologic history of the Gulf of Califor- 
nia, and not with the relative rates of evolution 
for the morphology of these lizards. Thus, the 
genetic data more accurately indicate the true 
phylogenetic relationships of these lizards, if my 
paleobiogeographic scenario 1s correct. 

Where possible, electrophoretic data have been 
analyzed cladistically, i.e., in terms of primitive 
and derived character states (allelic distributions 
and composition), for each character (locus). De- 
tails of the analysis are too lengthy for inclusion 
in this paper, but one significant trend has come 
to light: island populations in general contain an 
equivalent or slightly greater number of derived 
character states than their peninsular sister pop- 
ulations. To put it another way, some island pop- 
ulations are evolving biochemically at a faster 
rate than the peninsular populations. These data, 
combined with the observed discordances be- 
tween genetic and morphological rates of evo- 
lution and the concordance between genetics and 
paleogeography, cast doubt on the concept that 
the islands harbor “relict” populations (Brown 
1957, as adapted, for instance, by Ballinger and 
Tinkle 1972). My data imply that island popu- 
lations evolve genetically at least as rapidly as, 
and perhaps more rapidly than, mainland pop- 
ulations. Thus the islands in the Gulf of Cali- 
fornia cannot be considered refugia for relict rep- 
tilian species. Indeed, based on what we know 
about the genetics of relatively small, isolated 
populations, islands should generally not be ex- 
pected to contain relict populations. 


RESUMEN 


Las relaciones evolucionarias entre los anfi- 
bios y los reptiles del suroeste de Norteamérica 
son examinados utilizando un sintesis de la tec- 


tonica, la paleogeografia y la paleoecologia. Exis- 
te una correlacién muy fuerte entre los factores 
bioldgicos y no biolégicos. 

El guion zoogeografico siguiente corresponde 
tanto a los factores bioldgicos como a los no 
biologicos. Hace aproximadamente 13 millones 
de afios (MA) durante el Mioceno, el area de la 
capa de Baja California se separ6 del continente 
de México cerca del estado de Colima en México. 
Estos movimientos tectonicos resultaron en la 
creacion de subpoblaciones isoladas—una loca- 
lizada en el area de la capa (0 en las islas aso- 
ciadas), y la otra quedandose en el continente. 
Esta subdivision se llama vicariante transgolfia- 
nas. Se postula que las islas que formaron el area 
de la capa de Baja California son el punto de 
origen de varios grupos reptiles de Norteamérica 
occidental tales como el lagartos Uta sp., Sau- 
romalus sp., y Dipsosaurus sp. Al terminarse el 
Mioceno, el area de la capa se junt6 con lo que 
ahora son las regiones mas septentrionales de la 
peninsula de Baja California, lo que facilito la 
dispersion hacia el norte de varias poblaciones 
reptiles. Esta conexion terrestre se interrumpi0 
en seguida al comenzar el Plioceno, lo que di6 
lugar a la formacion de especies hermanas en las 
Cordilleras Peninsulares por medio de evoluci6n 
alopatrica de las especies. La barrera de San Gor- 
gonio se form6 a la cabeza del Golfo de Califor- 
nia acerca de finales del Mioceno y principios 
del Plioceno, hace aproximadamente 5 MA. Se 
ha propuesto que esta barrera caus6 la formacion 
de las especies hermanas en cada lado del Golfo 
de California. Esta barrera fue eliminada durante 
el Pleistoceno, cuando el Golfo de California re- 
trocedi6 hacia su posicion actual. Ademas, se ha 
propuesto que los fendmenos glaciales del Pleis- 
toceno tuvieron un efecto minimo sobre la dis- 
tribucion peninsular de la mayoria de los reptiles. 
El efecto mayor fue la formacion y el hundi- 
miento de las islas de agua poco profunda en el 
Golfo. Los movimientos tectonicos durante el 
Plioceno y Pleistoceno fueron las responsables 
del origen de las poblaciones reptiles en la ma- 
yoria de las islas de agua profunda. 

La hip6tesis sobre el origen y la evolucion de 
la herpetofauna de Baja California es apoyada al 
comparar las modalidades de diferenciaciOn de 
la herpetofauna de Baja California. Se encontra- 
ron varias modalidades. Las especies de reptiles 
que fueron mas o menos restringidas al area de 
la capa de Baja California tienen distancias equi- 
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valentes de diferenciaci6n genética de las espe- 
cies hermanas presuntas del continente de Mé- 
xico. Se encontr6 una modalidad parecida de 
diferenciaciOn genética equivalente entre las es- 
pecies hermanas distribuidas al norte y al sur de 
las Cordilleras Peninsulares, al este y al oeste del 
Golfo de California y en las islas de agua pro- 
funda y de agua poco profunda. La datacion geo- 
logica fiji la fecha del origen del area de la capa 
acerca de hace 13 MA. Se encontr6 que las es- 
pecies hermanas transgolfianas se diferencian de 
una distancia genética (D) de aproximadamente 
0.8. Se utilizo esta fecha geologica para calibrar 
las estimaciones de distancia genética con las fe- 
chas de divergencia, utilizando la hipotesis del 
“reloj” bioquimico evolucionario. Suponiendo 
que un D de | es aproximadamente equivalente 
a 16 MA de divergencia, el ‘“‘reloj”’ establece que 
la conexi6On terrestre entre el area de la Capa y 
las Cordilleras Peninsulares mas septentrionales 
ocurriO inicialmente un poco anterior a hace 6 
MA (coeficientes de similitud genética de apro- 
ximadamente 0.7 entre pares de especies her- 
manas atravez de esta frontera). Estos datos co- 
rresponden a las estimaciones geoldgicas. De 
manera parecida, se calcula que la Barrera de 
San Gorgonio se form6 hace 3 MA y la Isla de 
Santa Catalina hace 2 MA. No se encontr6 nin- 
guna diferenciaciOn genética significante entre la 
peninsula y las islas puente-terrestre (de agua poco 
profunda); estos resultados tambien correspon- 
den al “reloj.”” De alli, las modalidades de di- 
ferenciaciOn genética parecen apoyar al guion pa- 
leobiogeografico. Al apoyar este guidn, se 
concluye que la peninsula y las islas de Baja Ca- 
lifornia no se pueden considerar como un refugio 
para herpetofauna relicta. Al contrario, es evi- 
dente que el area de Baja California debe con- 
siderarse como un centro evolucionario. 
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